
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2016/0229920 A1 

Ward et al. 

US 20160229920A1 

(43) Pub. Date: Aug. 11, 2016 

(54) 

(71) 

(72) 

(21) 

(22) 

(86) 

(60) 

TARGETING HER2 AND HER3 WITH 
BSPECIFIC ANTIBODIES IN CANCEROUS 
CELLS 

Applicant: 

Inventors: 

Appl. No.: 

PCT Fled: 

PCT NO.: 

BOARD OF REGENTS, THE 
UNIVERSITY OF TEXAS SYSTEM, 
Austin, TX (US) 

E. Sally Ward, Dallas, TX (US); 
Raimund Ober, Dallas, TX (US); 
Jeffrey Kang, Dallas, TX (US); 
Jayakumar Poovassery, Dallas, TX 
(US) 

15/023,648 

Oct. 31, 2014 

PCT/US1.4/63559 

S371 (c)(1), 
(2) Date: Mar. 21, 2016 

Related U.S. Application Data 
Provisional application No. 61/899,032, filed on Nov. 
1, 2013. 

Publication Classification 

(51) Int. Cl. 
C07K 16/32 (2006.01) 
A 6LX3/57 (2006.01) 
A 6LX39/395 (2006.01) 
C07K 6/28 (2006.01) 
A6II 45/06 (2006.01) 

(52) U.S. Cl. 
CPC ............. C07K 16/32 (2013.01); C07K 16/2863 

(2013.01); A61K 45/06 (2013.01); A61 K 
39/39558 (2013.01); A61K3I/517 (2013.01); 

C07K 23.17/31 (2013.01); C07K 2317/622 
(2013.01); C07K 2317/56 (2013.01); C07K 

2317/526 (2013.01); C07K 23.17/35 (2013.01); 
A6 IK 2039/505 (2013.01) 

(57) 
The disclosure provides monoclonal bispecificantibodies tar 
geting HER2 and HER3. The disclosure also provides mono 
specific tetravalent HER3 antigen binding antibodies. Still 
further provided by the disclosure are methods of treating a 
cancer in a Subject, comprising administering to the Subject a 
therapeutically effective amount of an antibody provided by 
the disclosure. 
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TARGETING HER2 AND HER3 WITH 
BSPECIFIC ANTIBODIES IN CANCEROUS 

CELLS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Patent Application 61/899,032, filed Nov. 1, 2013, which is 
herein incorporated by reference in its entirety. 

INCORPORATION OF SEQUENCE LISTING 
0002 The sequence listing that is contained in the file 
named “UTSW007WO.txt,” which is 25 kilobytes (as mea 
sured in Microsoft Windows(R) and was created on Oct. 31, 
2014, is filed herewith by electronic submission and is incor 
porated by reference herein. 

FIELD OF THE INVENTION 

0003. The present invention relates to bispecific and 
monospecific tetravalent antibodies targeting HER2 and/or 
HER3, and methods for use thereof. 

BACKGROUND OF THE INVENTION 

0004 Multiple cancers are driven by aberrant signaling 
through ErbB, or HER, family members. Recent studies have 
indicated that HER2-HER3 heterodimers can play a central 
role in tumorigenesis. HER3 is a preferred dimerization part 
ner for HER2, which has no known ligand and is constitu 
tively active. Although HER3 has very low intrinsic kinase 
activity, there are six phosphorylation dependent binding 
sites for PI3K on the cytosolic tail of this receptor. Conse 
quently, HER2-HER3 heterodimers are the most effective 
activators identified to date of the PI3K/Akt pathway through 
both ligand-independent and ligand-dependent signaling. 
Ligand-dependentactivation of HER3 involves the binding of 
heregulin or other ligands to induce a conformational Switch 
in the dimerization arm, driving heterodimer formation with 
kinase competent partners such as HER2 or EGFR. Consis 
tent with HER3 as a driver of tumorigenesis, loss of HER3 
expression in breast cancer cells results in reductions in both 
PI3K/Akt signaling and proliferation (Lee-Hoeflich S T. 
Crocker L. Yao E, Pham T. Munroe X, Hoeflich KP, et al. A 
central role for HER3 in HER2-amplified breast cancer: 
implications for targeted therapy. Cancer Res 2008; 68:5878 
87; and Holbro T. Beerli RR, Maurer F, Koziczak M, Barbas 
C F, 3rd, Hynes N E. The ErbB2/ErbB3 heterodimer func 
tions as an oncogenic unit: ErbB2 requires ErbB3 to drive 
breast tumor cell proliferation. Proc Natl AcadSci USA 2003: 
100:8933-8). Further, modeling studies demonstrate that 
HER3 represents a central node in PI3K/Akt signaling. In 
conjunction with the limited efficacy of solely targeting 
HER2 with monotherapies such as trastuzumab these obser 
vations have motivated the development of therapeutics tar 
geting HER3 and/or HER2-HER3 heterodimers. Recent data 
indicates that the targeting of this axis with antibodies is less 
effective in the presence of heregulin, which is expressed in 
either autocrine or paracrine fashion in many tumor types. 
0005. As an alternative to targeting HER family members 
with antibodies, the use of small molecule inhibitors of the 
tyrosine kinase activity of EGFR and/or HER2, or of the 
downstream kinase, PI3K, has attracted much interest. How 
ever, these inhibitors can lead to tumor escape due to upregu 
lation of compensatory signaling pathways and complex 
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cross-regulatory networks involving negative feedback 
loops. For example, the delivery of lapatinib, a tyrosine 
kinase inhibitor (TKI) that targets both EGFR and HER2, 
results in upregulation of HER2 and HER3 expression. Lapa 
tinib resistance pathways can also include activating muta 
tions of PI3K, and the inhibitory effects of lapatinib can be 
dampened by the presence of the HER3 ligand, heregulin. 
(Sergina NV. Rausch M. Wang D, Blair J. Hann B. Shokat K 
M, et al. Escape from HER-family tyrosine kinase inhibitor 
therapy by the kinase-inactive HER3. Nature 2007:445:437 
41; Wilson TR, Fridly and J.YanY, Penuel E, Burton L. Chan 
E. et al. Widespread potential for growth-factor-driven resis 
tance to anticancer kinase inhibitors. Nature 2012; 487:505-9 
and Li Q, Ahmed S. Loeb J A. Development of an autocrine 
neuregulin signaling loop with malignant transformation of 
human breast epithelial cells. Cancer Res 2004; 64.7078-85). 
This Suggests that lapatinib in combination with antibodies or 
bispecifics that bind to HER3 might provide an effective route 
for therapy, particularly for tumors involving autocrine or 
paracrine heregulin loops that can result in limited efficacy of 
monotherapies. 
0006 Related to the limited therapeutic efficacy of TKIs 
such as lapatinib that inhibit EGFR and HER2 activation, 
HER3 can associate with other activating receptors such as 
cMET and insulin-like growth factor type I receptor I/insulin 
receptor substrate-1. A possible strategy to extinguish HER3 
PI3K signaling could therefore be to inhibit multiple potential 
HER3 partners. 
0007 Thus, there is a need for the generation of improved 
therapeutics directed towards ligand-dependent activation of 
HER3. 

SUMMARY OF THE INVENTION 

0008. This invention pertains to bispecific antibody mol 
ecules (e.g. bs Ab) that can be used in the detection and/or 
treatment of various cancers that express HER3 (also known 
as ErbB3) and HER2. In particular, bispecific antibodies of 
the present invention and described compositions and meth 
ods may, in specific illustrative embodiments, reduce the 
proliferation of cancer mediated by one or more of HER3 
ligands such as heregulin. In one embodiment, this invention 
provides a bispecific antibody that binds to HER3 and HER2 
facilitating dimerization of HER2 and HER3, as well as inhi 
bition of various HER3 and/or HER2 functions. 
0009. In some embodiments, bispecific antibody mol 
ecules of the present disclosure comprise an anti-HER2 anti 
body comprising two heavy chains and two light chains and 
an anti-HER3 single chain Fv connected (directly or through 
a linker) to the antibody at the CH3 domain. Any such fusion 
described herein may be made according to methods known 
in the art, which include genetic linkage of two proteins 
(fusion proteins) wherein one protein is connected via its 
N-terminus to the C-terminus of another protein. As is also 
known, an ScFv or other protein, for example, can be fused to 
the N-terminus or the C-terminus of another protein. See 
Ahmad Z. A. et al., (Clinical and Developmental Immunol 
ogy, Volume 2012 (2012), Article ID 98.0250). In certain 
embodiments, the anti-HER2 antibody is joined to the anti 
HER3 single chain Fv, or the anti-HER3 antibody is joined to 
the anti-HER2 single chain Fv, by a linker, more preferably by 
a peptide linker, and most preferably by a peptide linker that 
lacks a proteolytic cleavage site. In various embodiments, the 
single chain Fv links to the CH3 domain of the anti-HER2 or 
HER3 antibody by a linker comprising a Gly-Ser-Ser 
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sequence. In various embodiments, the single chain Fv com 
prises a (Gly Ser), peptide linker, corresponding to SEQID 
NO: 11 and multiples thereof, between the light chain vari 
able domain and the heavy chain variable domain of the 
anti-HER2 or HER3 single chain Fv. The antibody binds 
specifically to HER2 interfering with the function thereofand 
the single chain Fv binds specifically to HER3 and interfering 
with various functions thereof, or vice versa. In some embodi 
ments, the bispecific antibody has a Morrison format. In some 
embodiments the HER2 antibody is trastuzumab. 
0010. In certain embodiments, the invention further pro 
vides bivalent single chain FVS comprising two single chain 
FVs, one specific for HER3 and the other specific for HER2. 
In certain aspects, the bivalent single chain Fv comprise two 
single chain Fvs connected to each other directly or through a 
linker. In further embodiments, the bivalent single chain Fvs 
are produced as a single peptide chain with two VH and two 
VL regions, yielding tandem single chain Fvs. 
0011. In further embodiments, the bispecific antibody 
molecules can be “diabodies,” which are antibody fragments 
with two antigen-binding sites (one specific for HER3 and the 
other for HER2), comprising a VH domain connected to a VL 
domain in the same polypeptide chain. In certain aspects, a 
linker that is too short to allow pairing between the two 
domains on the same chain is used, and the domains are 
forced to pair with the complementary domains of another 
chain and create two antigen-binding sites (Holliger et al., 
(1993) Proc. Natl. Acad. Sci. 90: 6444-6448). In other 
embodiments, the bispecific antibody molecules of the 
present disclosure comprise bispecific triabodies or tetrabod 
ies, which are multivalent but bispecific for HER2 and/or 
HER3. In certain embodiments, bispecific diabodies, triabod 
ies, or tetrabodies comprise a non-covalent association of two 
or more single chain Fv molecules. In certain aspects, bispe 
cific diabodies are heterodimers of different single chain Fvs. 
where each single chain Fv comprises the VH domain from 
the selected antibody connected by a short linker to the VL 
domain of the other antibody. 
0012. In further embodiments, the molecules of the 
present disclosure comprise monospecific tetravalent anti 
bodies that comprise multiple binding sites, such as four, of 
monoclonal antibodies or single chain Fvs. In certain embodi 
ments the antibodies or single chain FVs are specific for 
HER3, and in particular embodiments, all monoclonal anti 
bodies or single chain Fvs comprise the same HER3 epitope 
binding site or are identical. In a particular embodiment, the 
present disclosure describes monospecific tetravalent anti 
bodies, such as a tetravalent tetramer of single chain FVs, 
resulting in four binding sites. In one embodiment, the mono 
specific tetravalent antibody is a monospecific tetravalent 
HER3 antigenbinding antibody, comprising four single chain 
Fv monomers, wherein each VH of one of the single chain Fv 
monomers associates intermolecularly with each VL of the 
other single chain FV monomer, thereby forming the mono 
specific tetravalent HER3 antigen binding antibody. Methods 
for producing triabodies and tetrabodies are described in, for 
example, Hudson et al., Nat. Med. 9:129-134 (2003). Mul 
tiple technologies exist for making a single antibody-like 
molecule that incorporates antigen specificity domains from 
two separate antibodies (bi-specific antibody). Suitable tech 
nologies have been described by Macrogenics (Rockville, 
Md.), Micromet (Bethesda, Md.) and Merrimack (Cam 
bridge, Mass.). (See, e.g., Orcutt K D, Ackerman M. E. 
Cieslewicz, M. Quiroz, E. Slusarczyk A. L. Frangioni J. V. 
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Wittrup KD. A modular IgG-scFv bispecific antibody topol 
ogy. Protein Eng Des Sel. (2010) 23:221-228; Fitzgerald J. 
Lugovskoy A. Rational engineering of antibody therapeutics 
targeting multiple oncogene pathways. MAbs. (2011) 1,3(3): 
Baeuerle PA, Reinhardt C. Bispecific T-cell engaging anti 
bodies for cancer therapy. Cancer Res. (2009) 69:4941 
4944.) Production of a tetravalent bispecific antibody by 
fusion of an IgG antibody format and single chain domains is 
described by Coloma, M.J., et. al., Nature Biotech. 15 (1997) 
159-163; WO 2001/077342; and Morrison, S. L., Nature 
Biotech. 25 (2007) 1233-1234. 
0013. In certain embodiments, the bispecific antibody or 
polyspecific antibody is encoded by two vectors comprising 
nucleic acids that encode polypeptide sequences that are pre 
sented as SEQ ID NO: 1 and SEQ ID NO: 2, and in certain 
instances, the nucleic acids comprise a sequence that is pre 
sented by SEQID NO: 5 and SEQID NO: 6, respectively. In 
certain embodiments, the bispecific or polyspecific antibody 
is encoded by vectors comprising two nucleic acid sequences 
encoding polypeptides selected from the group consisting of 
SEQ ID NO: 1 and SEQID NO: 2. In certain instances, the 
two nucleic acid sequences are selected from the group con 
sisting of SEQ ID NO: 5 and SEQ ID NO: 6. In certain 
instances the vectors further comprise nucleic acid sequences 
encoding polypeptides comprising the amino acid sequences 
of SEQ ID NO: 1 and SEQ ID NO: 2. Vectors and transfor 
mants comprising the nucleic acid sequences encoding the 
antibody, single chain Fv, and optionally the linker molecules 
are also provided. In certain embodiments, the antibody com 
prises the Fc portion and the single chain Fv comprising a 
heavy chain variable domain (VH) and a light chain variable 
domain (VL). 
0014. In certain embodiments, the antibody is tetravalent 
and is encoded by two vectors comprising nucleic acids that 
encode polypeptide sequences that are presented as SEQID 
NO:3 and SEQID NO: 4, and certain instances, the nucleic 
acids comprise a sequence that is presented by SEQID NO: 7 
and SEQID NO: 8, respectively. In other embodiments, the 
tetravalent or multivalent antibody is encoded by vectors 
comprising two nucleic acid sequences encoding polypep 
tides selected from the group consisting of SEQID NO:3 and 
SEQ ID NO: 4. In certain instances, the two nucleic acid 
sequences are selected from the group consisting of SEQID 
NO: 7 and SEQ ID NO: 8. In certain instances the vectors 
further comprise nucleic acid sequences encoding polypep 
tides having the amino acid sequences of SEQID NO:3 and 
SEQ ID NO: 4. In certain instances, the nucleic acid 
sequences are SEQID NO:7 and SEQID NO: 8, respectively. 
Vectors and transformants comprising the nucleic acid 
sequences encoding the antibody, single chain Fv, and option 
ally the linker molecules are also provided. In certain embodi 
ments, the antibody comprises the Fc portion and the single 
chain Fv comprising a heavy chain variable domain (VH) and 
a light chain variable domain (VL). 
0015. In certain embodiments, the bispecificantibody is of 
a Morrison-format comprising an anti-HER2 antibody com 
prising two heavy chains and two light chains and at least one 
anti-HER3 single chain Fv comprising a heavy chain variable 
domain and a light chain variable domain linked to any one of 
the two heavy chains or two light chains of the anti-HER2 
antibody. In further embodiments, an anti-HER3 single chain 
Fv is linked to each heavy chain of the anti-HER2 antibody. 
The isolated monoclonal bispecific antibody facilitates for 
mation of HER2-HER3 dimers during use. In various 
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embodiments, the light chain variable domain of the anti 
HER3 single chain Fv comprises 607-717 of SEQID NO: 1 or 
conservative amino acid substitutions thereof and the heavy 
chain variable domain of the anti-HER3 single chain Fv com 
prises 473-591 of SEQID NO: 1 or conservative amino acid 
substitutions thereof. In various embodiments, the light chain 
variable domain of the anti-HER2 antibody comprises an 
amino acid sequence 20-127 of SEQIDNO: 2 or conservative 
amino acid substitutions thereof and the heavy chain variable 
domain of the anti-HER2 antibody comprises an amino acid 
sequence 20-139 of SEQID NO: 1 or conservative amino acid 
substitutions thereof. 
0016. In certain embodiments, the multivalent antibody is 
of a Morrison-format comprising an anti-HER3 antibody 
comprising two heavy chains and two light chains and at least 
one anti-HER3 single chain Fv comprising a heavy chain 
variable domain and a light chain variable domain linked to 
any one of the two heavy chains or two light chains of the 
anti-HER3 antibody. In further embodiments, an anti-HER3 
single chain Fv is linked to eachheavy chain of the anti-HER3 
antibody. The isolated monoclonal tetravalent/multivalent 
internalizes HER3 more efficiently than the bivalent anti 
HER3 antibody. In various embodiments, the light chain vari 
able domain of the anti-HER3 single chain Fv comprises 
606-716 of SEQID NO: 3 or conservative amino acid sub 
stitutions thereof and the heavy chain variable domain of the 
anti-HER3 single chain Fv comprises 472-590 of SEQ ID 
NO: 3 or conservative amino acid substitutions thereof. In 
various embodiments, the light chain variable domain of the 
anti-HER3 antibody comprises an amino acid sequence 
20-131 of SEQID NO. 4 or conservative amino acid substi 
tutions thereof and the heavy chain variable domain of the 
anti-HER3 antibody comprises an amino acid sequence 
20-138 of SEQID NO: 3 or conservative amino acid substi 
tutions thereof. 

0017. In various embodiments, when the described mono 
clonal antibodies are administered to cancer cells that are 
SK-BR-3 cells, BT-474 cells, or HCC1419 cells or other 
breast cancer cells, the proliferation is reduced by at least 
25% relative to a control, at least 50% relative to a control or 
O. 

0.018. In another embodiment, this invention includes a 
composition comprising a bispecific or polyspecific antibody 
as disclosed and/or claimed herein and a pharmaceutically 
acceptable carrier. 
0019. This invention also provides a method for treating 
cancer (e.g. mitigating one or more symptoms of cancer). The 
method typically involves administering to a patient (human 
or non-human animal) in need thereofatherapeutically effec 
tive amount of a bispecific or polyspecific antibody as dis 
closed and/or claimed herein and a pharmaceutically accept 
able carrier. The cancer can include, but is not limited to a 
cancer selected from the group consisting of breast, colon, 
ovarian, endometrial, gastric, pancreatic, prostate and Sali 
vary gland cancer. The administration can be by any of a 
variety of convenient methods including systemic injectable 
administration, injection into a tumor or cancerous tissue, 
oral administration, and the like. 
0020. In still another embodiment, this invention provides 
a method for treating cancer (e.g. mitigating one or more 
symptoms of cancer). The method typically involves admin 
istering to a patient (human or non-human animal) in need 
thereof a therapeutically effective amount of a bispecific or 
polyspecific antibody as disclosed and/or claimed herein and 
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a pharmaceutically acceptable carrier, in combination with 
another cytotoxic agent selected from the group consisting of 
a chemotherapeutic agent, external beam radiation, a targeted 
radioisotope, signal transduction inhibitor and a tyrosine 
kinase inhibitor, such as lapatinib or erlotinib. The cancer can 
include, but is not limited to a cancer selected from the group 
consisting of breast, colon, ovarian, endometrial, gastric, pan 
creatic, prostate and salivary gland cancer. The administra 
tion can be by any of a variety of convenient methods includ 
ing systemic injectable administration, injection into a tumor 
or cancerous tissue, oral administration, and the like. 
0021. In yet another embodiment, this invention provides 
a chimeric moiety comprising of a bispecific or polyspecific 
antibody as disclosed and/or claimed herein coupled to an 
effector. Preferred effectors include, but are not limited to a 
cytotoxin, a label, a radionuclide, a drug, a liposome, aligand, 
and an antibody. In certain instances, where the effector is a 
polypeptide, the chimeric moiety is a fusion protein, prefer 
ably a recombinantly expressed fusion protein. This invention 
also provides a method of specifically delivering or targeting 
an effector molecule to a cell bearing a HER3 or HER2 
receptor. The method involves providing a chimeric moiety as 
described and/or claimed herein, and contacting the cell with 
the chimeric moiety, whereby the chimeric moiety specifi 
cally binds to the cell. In certain embodiments, the chimeric 
moiety is a fusion protein. In certain embodiments, the cell is 
a cancer cell, preferably a cancer cell that expresses HER3. 
Particularly preferred cancer cells include, but are not limited 
to breast, colon, ovarian, endometrial, gastric, pancreatic, 
prostate and salivary gland cancer cells. 
0022. Also provided is a method of specifically killing 
and/or inhibiting the growth or proliferation of a cell bearing 
a HER3 receptor. The method typically involves providing a 
chimeric moiety as described and/or claimed herein attached 
to a cytotoxic or cytostatic effector (e.g. a cytotoxin, a radio 
active moiety, and a liposome comprising a cytotoxic or cyto 
static agent, and the like); and contacting said cell with the 
chimeric moiety, whereby the chimeric moiety specifically 
binds to the cell resulting in the death and/or inhibition of 
growth and/or proliferation of the cell. In certain embodi 
ments, the chimeric moiety is a fusion protein. In certain 
embodiments, the cell is a cancer cell, preferably a cancer cell 
that expresses HER3. Particularly preferred cancer cells 
include, but are not limited to breast, colon, ovarian, endome 
trial, gastric, pancreatic, prostate and salivary gland cancer 
cells. 

0023 This invention also provides methods of detecting 
and/or visualizing and/or diagnosing the presence of a cancer 
cell or tissue. The method typically involves contacting a cell 
or tissue with a bispecific or polyspecific antibody as 
described herein attached to a detectable label; and detecting 
the label where detection of the label in association with the 
cell or tissue indicates the presence of a cell or tissue express 
ing (including overexpressing) HER3 and/or HER2. Pre 
ferred detectable labels include, but are not limited to a 
gamma emitter, a positron emitter, an MRI label, and a fluo 
rescent or colorimetric label. In certain instances, the detect 
able label is a gamma emitter and the detection comprises 
imaging with a gamma camera. In certain instances, the 
detectable label is a positron emitter and the detection com 
prises imaging with positron emission tomography (PET). In 
certain instances, the detectable label is an MRI label and the 
detection comprises detecting with magnetic resonance 
imaging. The cell or tissue can be a cancer cell or tissue (e.g., 



US 2016/0229920 A1 

breast, colon, ovarian, endometrial, gastric, pancreatic, pros 
tate, or salivary gland cancer). It is noted that the diagnostic 
assay can be a component of a differential diagnosis of a 
cancer and/or can be used to type a cancer as one that 
expresses HER3 and/or HER2 and/or the assay can be used to 
visualize a known cancer. In these (and other) instances, the 
assay need not be dispositive of the presence of a cancer cell, 
but simply indicative of the likely presence of such a cell or 
tissue. In certain embodiments, the detection comprises a 
non-invasive imaging technique. In certain embodiments, the 
detection comprises immunohistochemistry. In certain 
embodiments, the detection comprises detecting in a tissue 
sample or biopsy. In certain embodiments, the detection com 
prises detecting in a tissue section. In certain embodiments, 
the detection is in vivo detection. 

0024. The terms “a” and “an are defined as one or more 
unless this disclosure explicitly requires otherwise. 
0025. The terms “comprise' (and any form of comprise, 
Such as “comprises' and "comprising”), “have (and any 
form of have, such as “has and “having”), “include’ (and any 
form of include, such as “includes and “including') and 
“contain' (and any form of contain, such as "contains' and 
“containing) are open-ended linking verbs. As a result, the 
methods and systems of the present invention that “com 
prises.” “has.” “includes” or “contains one or more elements 
possesses those one or more elements, but is not limited to 
possessing only those one or more elements. Likewise, an 
element of a method or system of the present invention that 
“comprises.” “has.” “includes” or “contains” one or more 
features possesses those one or more features, but is not 
limited to possessing only those one or more features. 
0026. Furthermore, a structure that is capable of perform 
ing a function or that is configured in a certain way is capable 
or configured in at least that way, but may also be capable or 
configured in ways that are not listed. Metric units may be 
derived from the English units provided by applying a con 
version and rounding to the nearest millimeter. 
0027. The feature or features of one embodiment may be 
applied to other embodiments, even though not described or 
illustrated, unless expressly prohibited by this disclosure or 
the nature of the embodiments. 

0028. Any composition, method, or system of the present 
invention can consist of or consistessentially of rather than 
comprise/include? contain/have—any of the described ele 
ments and/or features and/or steps. Thus, in any of the claims, 
the term “consisting of or “consisting essentially of can be 
substituted for any of the open-ended linking verbs recited 
above, in order to change the scope of a given claim from what 
it would otherwise be using the open-ended linking verb. 
0029 Details associated with the embodiments described 
above and others are presented below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 The following drawings illustrate by way of 
example and not limitation. For the sake of brevity and clarity, 
every feature of a given structure may not be labeled in every 
figure in which that structure appears. Identical reference 
numbers do not necessarily indicate an identical structure. 
Rather, the same reference number may be used to indicate a 
similar feature or a feature with similar functionality, as may 
non-identical reference numbers. 
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0031 FIG. 1: Schematic representation of the bispecific 
antibody (TAb6) comprising trastuzumab and a single chain 
Fv derived from the anti-HERS antibody, Ab6, used in the 
current study. 
0032 FIG. 2 Shows analysis of trastuzumab, pertuzumab, 
Ab6, bispecific trastuzumab with anti-HERS Ab6 schv 
(TAb6), bispecific pertuzumab with anti-HERS Ab6 scFV 
(PAb6), and tetrameric anti-HERS (Ab6tet) using HPLC and 
size exclusion chromatography. Trastuzumab, pertuzumab, 
TAb6 and PAb6 were analysed using a Yana 3U SEC-3000 
column, where as a Hiload 16/600 Superdex 200 pg column 
was used for Ab6 and Ab6tet. The major peak runs at the 
expected size for either an antibody homodimer (150 kDa) or 
bispecific homodimer (200 kDa). 
0033 FIG. 3 Shows serum stability analyses of the bispe 
cific trastuzumab with anti-HER3 Ab6 schv (TAb6), bispe 
cific pertuzumab with anti-HER3 scFv (PAb6), and tet 
rameric anti-HER3 (Ab6tet). Antibodies were incubated in 
mouse serum for 0, 3, or 6 days at 37°C., diluted into PBS to 
concentrations of 0.83, 0.50 nM, and analyzed by sandwich 
ELISA. Differences were not significant for comparisons of 0 
and 6 day samples (p value-0.05; Student's t test). 
0034 FIG. 4A, 4B: Effects of antibodies specific for 
HER2 and/or HER3 on HER2-overexpressing breast cancer 
cells. FIG. 4A, cells were incubated with 50 nM anti-HER3 
(Ab6), tetramericanti-HER3 (Ab6tet), trastuzumab (T), per 
tuzumab (P), trastuzumab or pertuzumab and Ab6 (T+Ab6 or 
P+Ab6), bispecific trastuzumab with anti-HER3 Ab6 schv 
(TAb6), or bispecific pertuzumab with anti-HER3 Ab6 scFv 
(PAb6) for 5 days. Proliferative responses were assessed 
using the MTS reagent and were normalized against the pro 
liferation of cells incubated in medium (Med) only. Data 
shown are means of triplicates-Estandard deviation. * and ** 
indicate significantly lower or higher proliferative responses, 
respectively, between cells treated with antibody and PBS 
vehicle (Student's t test; p<0.05). FIG. 4B, SK-BR-3 or 
BT-474 cells were treated with anti-HER2/HER3 antibodies 
(50 nM) for 1 or 24 hours, and cell lysates analyzed by 
immunoblotting. Data shown are representative of at least 
two independent experiments. 
0035 FIG. 5: The multivalent anti-HER3 antibody, 
Ab6tet, induces higher levels of HER3 degradation compared 
with the bivalent counterpart, Ab6. SK-BR-3 cells were 
treated with 50 nManti-HER3 antibody (Ab6), Ab6tet, bispe 
cific trastuzumab with anti-HER3 Ab6 schv (TAb6), or PBS 
vehicle for 3 or 9 hours. Cell lysates were analyzed for total 
HER3 using immunoblotting. 
0036 FIG. 6: Ab6tet internalizes into SK-BR-3 cells more 
rapidly than Ab6. Cells were pulsed with 50 nM anti-HER3 
(Ab6), tetrameric anti-HER3. (Ab6tet) or bispecific trastu 
Zumab with anti-HER3Ab6 sclv (TAb6) for 5 minutes at 37° 
C., chased for 0, 10 or 20 minutes, fixed, permeabilized and 
stained with anti-EEA-1 antibody. The combined pulse plus 
chase times are indicated on the left margin. Anti-HER3 or 
HER2/HER3 antibodies were detected with Alexa 555-la 
beled secondary antibody (pseudocolored red in overlay) and 
anti-EEA-1 antibody with Alexa 647-labeled secondary anti 
body (pseudocolored green in overlay). Yellow arrows in the 
images for Ab6tet-treated cells indicate examples of internal 
ized Ab6tet that is associated with EEA-1 positive endo 
Somes. Scale bars-2 um. 
0037 FIG. 7: The bivalent anti-HER3 antibody, Ab6, and 

its multivalent counterpart, Ab6tet, traffic into LAMP-1 posi 
tive endosomal structures within one hour of treatment. SK 
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BR-3 cells were treated with 50 nMAb6, Ab6tet, or bispecific 
trastuzumab with anti-HER3 sclv Ab6 (TAb6) for 15 minutes 
at 37° C. and chased in medium for 45 minutes at 37°C. Cells 
were fixed, permeabilized and stained for LAMP-1. Anti 
HER3 or HER2/HER3 antibodies were detected with Alexa 
555-labeled secondary antibody (pseudocolored red in over 
lay) and anti-LAMP-1 antibody with Alexa 488-labeled sec 
ondary antibody (pseudocolored green in overlay). Examples 
of co-localization of antibody and LAMP-1+ compartments 
are indicated by yellow arrows. Scale bars-2 um. 
0038 FIG. 8A, 8B: Antibodies specific for HER2 and/or 
HER3 have reduced efficacy in inhibiting proliferation and 
PI3K/Akt signaling in the presence of heregulin. FIG. 8A, 
Cells were incubated with heregulin (HRG, 6.25 nM) and 50 
nM anti-HER3 (Ab6), tetrameric anti-HER3. (Ab6tet), tras 
tuzumab (T), trastuzumab and Ab6 (T+Ab6) or bispecific 
trastuzumab with anti-HER3 Ab6 scFv (TAb6) for 5 days. 
Proliferative responses were assessed using the MTS reagent 
and were normalized against the proliferation of cells incu 
bated in medium (Med) only. Data shown are means of 
triplicateststandard deviation. * indicates statistically sig 
nificant differences between proliferative responses for cells 
treated with antibody in the presence of heregulin and cells 
treated with heregulin only (Student's t test; p <0.05). FIG. 
8B, SK-BR-3 or BT-474 cells were treated with anti-HER2/ 
HER3 antibodies (50 nM) in the presence of 6.25 nM heregu 
lin for 1 or 24 hours, and cell lysates analyzed by immunob 
lotting. Data shown are representative of at least two 
independent experiments. 
0039 FIG.9A,9B: Heregulin treatment reverses the anti 
proliferative effects of lapatinib in HER2 overexpressing cell 
lines. FIG. 9A, cells were incubated with different concen 
trations of lapatinib (L) in the presence and absence of 
heregulin (HRG; 6.25 nM) for 5 days. Proliferative responses 
were assessed using the MTS reagent and were normalized 
against the proliferation of cells incubated in medium (Med) 
only. Data shown are means of triplicatesistandard deviation. 
* indicates statistically significant differences between pro 
liferative responses forcells treated with lapatinib and DMSO 
vehicle (Student's t test; p<0.001). FIG. 9B, SK-BR-3 or 
BT-474 cells were treated with 1 uM lapatinib (Lap) in the 
presence and absence of heregulin (6.25 nM) for 1 or 24 
hours, and cell lysates analyzed by immunoblotting. Data 
shown are representative of at least two independent experi 
mentS. 

0040 FIG. 10: Lapatinib treatment induces upregulation 
of HER2 and HER3. (SK-BR-3) or HER3. (BT-474) levels on 
the plasma membrane of breast cancer cells. Cells were 
treated with 1 uM lapatinib (Lap), medium (Med) or vehicle 
control (DMSO) for 24 hours. Cell surface HER2 or HER3 
was detected by incubation with 50 nM Alexa 488-labeled 
trastuzumab or Alexa 647-labeled Ab6 followed by flow cyto 
metric analyses. Data shown represent means of mean fluo 
rescence intensities:tstandard deviation of triplicate samples 
following Subtraction of background fluorescence intensities. 
* indicates statistically significant differences between lapa 
tinib and DMSO (vehicle) treated cells (p<0.005: Student’s t 
test). Data shown are representative of at least two indepen 
dent experiments. 
004.1 FIG. 11A, 11B: The bispecific anti-HER2/HER3 
antibody, TAb6, has the highest activity in reducing cell pro 
liferation and PI3K/pAkt signaling in the presence of heregu 
lin and lapatinib. FIG. 11A, cells were incubated with 1 uM 
lapatinib (L) in the presence of heregulin (HRG; 6.25 nM) 
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and treated with 50 nM anti-HER3. (Ab6), tetrameric anti 
HER3. (Ab6tet), trastuzumab (T), trastuzumab and Ab6 
(T+Ab6) or bispecific trastuzumab with anti-HER3Ab6 scFV 
(TAb6) for 5 days. Proliferative responses were assessed 
using the MTS reagent and were normalized against the pro 
liferation of cells incubated in medium (Med) only. Data 
shown are means of triplicateststandard deviation. * indi 
cates Statistically significant differences between prolifera 
tive responses for cells treated with antibodies vs. Vehicle in 
the presence of lapatinib and heregulin (Student's t test; p<0. 
05). ** indicates statistically significant differences between 
proliferative responses for the pairwise comparison of the two 
indicated treatments (horizontal bars). FIG. 11B, SK-BR-3 or 
BT-474 cells were treated with lapatinib (Lap), heregulin 
(6.25 nM) and anti-HER2/HER3 antibodies (50 nM) as indi 
cated for 1 or 24 hours, and cell lysates analyzed by immu 
noblotting. Data shown are representative of at least two 
independent experiments. 
0042 FIG. 12: Antibodies specific for HER2 and/or HER3 
do not increase the anti-proliferative effect of lapatinib. SK 
BR-3, BT-474, and HCC1419 cells were treated with 1 uM 
lapatinib (L) alone or lapatinib in combination with 50 nM 
anti-HER3 (Ab6), tetrameric anti-HER3. (Ab6tet), trastu 
Zumab (T), trastuzumab and Ab6 (T+Ab6) or bispecific tras 
tuzumab with anti-HER3. Ab6 scFv (TAb6) for 5 days. Pro 
liferative responses were assessed using the MTS reagent and 
were normalized against the proliferation of cells incubated 
in medium (Med) only. Data shown are means of 
triplicateststandard deviation and are representative of at 
least two independent experiments. 
0043 FIG. 13: The bispecific antibody comprising trastu 
Zumab with anti-HER3. Abé schv (TAb6) has the highest 
activity in reducing PI3K/Akt signaling in HCC1419 cells in 
the presence of heregulin and lapatinib. Cells were treated for 
24 hours with 1 uM lapatinib (Lap), 6.25 nM heregulin 
(HRG) and 50 nM anti-HER3. (Ab6), tetrameric anti-HER3 
(Ab6tet), trastuzumab (T), trastuzumab and Ab6 (T+Ab6) or 
TAb6 as indicated. Cell lysates were analyzed by immunob 
lotting. 
0044 FIG. 14: The multivalent anti-HER3 antibody, 
Ab6tet, induces higher levels of HER3 degradation compared 
with the bivalent counterpart, Ab6, in the presence of heregu 
lin (HRG) and lapatinib (Lap). SK-BR-3 cells were treated as 
indicated with combinations of 1 uM lapatinib, 6.25 nM 
heregulin, 50 nM anti-HER3 (Ab6) or tetramericanti-HER3 
(Ab6tet) for 3 or 6 hours. Cell lysates were analyzed for total 
HER3 and pAkt (S473) by immunoblotting. 
004.5 FIG. 15: A plasmid vector map for the TAb6 Heavy 
Chain gene. 
0046 FIG. 16: Vector map of the TAb6 Light Chain gene. 

DETAILED DESCRIPTION OF THE INVENTION 

0047 Various features and advantageous details are 
explained more fully with reference to the non-limiting 
embodiments that are illustrated in the accompanying draw 
ings and detailed in the following description. It should be 
understood, however, that the detailed description and the 
specific examples, while indicating embodiments of the 
invention, are given by way of illustration only, and not by 
way of limitation. Various Substitutions, modifications, addi 
tions, and/or rearrangements will become apparent to those of 
ordinary skill in the art from this disclosure. 
0048. The anti-HER2/HER3 bispecific antibody mol 
ecules of the present disclosure avoids the complexity of 
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identifying and globally inhibiting all HER3 partners. Here 
the inventors have discovered the ability of a bispecific anti 
HER2/HER3 antibody to drive HER3 into HER2-HER3 het 
erodimers that, through combination treatment with lapa 
tinib, are kinase-dead. Locking HER3 into such inactive 
complexes is expected to sequester this receptor from inter 
actions with other signaling competent partners and, as such, 
have anti-tumor effects. 
0049 Other aspects of the disclosure comprise extinguish 
ing HER3 signaling by inducing the efficient internalization 
and degradation of this receptor. For example, a multivalent 
(tetrameric) anti-HER3 antibody would induce more efficient 
HER3 internalization and/or degradation relative to its biva 
lent counterpart, thereby enhancing clearance from the cell 
Surface. The efficacy of this approach has been compared 
with that of recruiting HER3 into kinase inactivated HER2 
HER3 heterodimers. These comparative studies have also 
been extended to microscopy analyses of the trafficking 
behavior of the different antibodies within cells, which relates 
to both drug delivery for antibody-drug conjugates and Fc 
mediated cytotoxicity. 
0050. Preparation of Bispecific Antibody Molecules: 
0051. The described antibodies can be prepared using a 
variety of methods. For example, the antibodies can be pre 
pared separately (e.g. using chemical protein synthesis, 
recombinant expression methods, hybridoma technology, 
etc.) and then chemically attached to each other, either 
directly or through a linker. Means of chemically conjugating 
molecules are well known to those of skill in the art. The 
procedures for chemically coupling two antibodies are 
straightforward. Polypeptides typically contain a variety of 
functional groups; e.g., carboxylic acid (COOH) or free 
amine ( NH2) groups, that are available for reaction with 
Suitable functional groups on the corresponding antibody or 
on a linker. 
0052 Alternatively, the antibodies can be derivatized to 
expose or attach additional reactive functional groups. The 
derivatization can involve attachment of any of a number of 
linker molecules such as those available from Pierce Chemi 
cal Company, Rockford Ill. A variety of suitable linkers are 
known to those of skill in the art (see, e.g., European Patent 
Application No. 188.256; U.S. Pat. Nos. 4,671,958, 4,659, 
839, 4414,148, 4,699,784; 4,680,338; 4,569,789; and 4,589, 
071; and Borlinghaus et al. (1987) Cancer Res. 47: 4071 
4075) and suitable linkers are also described below with 
respect to the coupling of effectors to bispecific antibodies. 
0053. In certain preferred embodiments of the invention, 
the bispecific or tetravalent antibody molecules are produced 
by expression of recombinant antibody fragments in host 
cells. The scFv can be connected (directly or through a linker) 
to the full length antibody at the CH3 domain via either the N' 
or C" terminus of the schv. The resulting nucleic acid mol 
ecules encoding the bispecific-antibody are inserted into 
expression vectors and introduced into host cells. The result 
ing bispecific antibody molecules are then isolated and puri 
fied from the expression system. 
0054. In certain embodiments of the invention, the scFv 
antibody molecules can be paired together with a novel linker 
molecule designed to protect against proteolytic degradation 
of the bispecific or tetravalent scFvantibody molecules. Such 
a linker typically lacks a proteolytic cleavage site. 
0055. The purity of the bispecific or tetravalent antibody 
molecules of the invention may be assessed using standard 
methods known to those of skill in the art, including, but not 
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limited to, ELISA, immunohistochemistry, ion-exchange 
chromatography, affinity chromatography, immobilized 
metal affinity chromatography (IMAC), size exclusion chro 
matography, polyacrylamide gel electrophoresis (PAGE), 
western blotting, Surface plasmon resonance and mass spec 
troscopy. 
0056. Using the antibodies, nucleic acid sequences, and 
other teaching provided herein, bispecific or tetravalent anti 
bodies of this invention can be recombinantly expressed 
using routine methods such as those set forth in Sambrook et 
al. (1989) Molecular Cloning, Cold Spring Harbor Labora 
tory, or Ausubel et al. (eds) (1997) Current Protocols in 
Molecular Biology, John Wiley & Sons N.Y. In addition 
illustrative methods of producing recombinant bispecific or 
tetravalent scEvs of this invention are set forth in the 
Examples. To the extent that specific materials are mentioned, 
it is merely for purposes of illustration and is not intended to 
limit the invention. 

Administration of Bs-scFv Antibody Molecules: 
0057 A) Pharmaceutical Formulations. 
0.058 Bispecific or tetravalent antibodies, as described 
herein, include bulk drug compositions useful in the manu 
facture of non-pharmaceutical compositions (e.g., impure or 
non-sterile compositions), and pharmaceutical compositions 
(i.e., compositions that are Suitable for administration to a 
Subject or patient i.e., human or non-human Subject) that can 
be used directly and/or in the preparation of unit dosage 
forms. In certain embodiments, such compositions comprise 
a therapeutically effective amount of one or more therapeutic 
agents (e.g. bispecific and/or tetravalent antibodies, and/or 
chimeric moieties comprising Such antibodies) and a phar 
maceutically acceptable carrier. 
0059. As indicated above, the agents of this invention can 
be used in a wide variety of contexts including, but not limited 
to the detection and/or imaging of tumors or cancer cells, 
inhibition of tumor growth and/or cancer cell growth and/or 
proliferation, and the like. One or more bispecific or tetrava 
lent antibodies, and/or functionalized bispecific or tetravalent 
antibodies, and/or chimeric moieties of this invention can be 
administered by injection, that is, intravenously, intramuscu 
larly, intracutaneously, Subcutaneously, intraduodenally, or 
intraperitoneally. Also, in certain embodiments, the com 
pounds can be administered by inhalation, for example, intra 
nasally. Additionally, certain compounds can be administered 
orally. 
0060. In a specific embodiment, the term “pharmaceuti 
cally acceptable” means formulated for use in animals, and 
more particularly in humans, or Suitable for administration to 
an animal or human and in one embodiment refers to com 
positions approved or approvable by a regulatory agency of 
the Federal or a state government or listed in the U.S. Phar 
macopeia or other generally recognized pharmacopeia for use 
in animals, including humans. The term “carrier refers to a 
pharmaceutically acceptable carrier that can be administered 
to a subject, together with the antibody molecules of the 
present disclosure, and which does not destroy the pharma 
cological activity thereof and is nontoxic when administered 
in doses Sufficient to deliver a therapeutic amount. In certain 
aspects, a pharmaceutically acceptable carrier may comprise 
any and all solvents, dispersion media, coatings, antibacterial 
and antifungal agents, isotonic and absorption delaying 
agents, and the like that are physiologically compatible. 
Some examples of pharmaceutically acceptable carriers are 



US 2016/0229920 A1 

water, Saline, phosphate buffered saline, dextrose, glycerol, 
ethanol and the like, as well as combinations thereof. In 
certain aspects, it is preferable to include isotonic agents, for 
example, Sugars, polyalcohols such as mannitol, Sorbitol, or 
Sodium chloride in the composition. Additional examples of 
pharmaceutically acceptable carriers are wetting agents or 
minor amounts of auxiliary Substances such as wetting or 
emulsifying agents, preservatives or buffers, which enhance 
the shelf life or effectiveness of the antibody molecule of the 
present disclosure. In certain aspects, a pharmaceutically 
acceptable carrier may comprise any pharmaceutical agent 
that does not itself induce the production of an immune 
response harmful to a Subject receiving the composition, and 
which may be administered without undue toxicity. In certain 
aspects, pharmaceutically acceptable carriers include saline 
and aqueous buffer Solutions. 
0061. In certain embodiments, a “pharmaceutical compo 
sition' comprises a pharmaceutically acceptable carrier and 
an antibody molecule according to the invention. The phar 
maceutical compositions may comprise one or more pharma 
ceutically acceptable sterile isotonic aqueous or nonaqueous 
Solutions, dispersions, Suspensions or emulsions, or sterile 
powders, which can be reconstituted into sterile injectable 
Solutions or dispersions just prior to use. Such pharmaceutical 
compositions can contain antioxidants; buffers; bacteriostats: 
solutes, which render the formulation isotonic with the blood 
of the intended recipient, Suspending agents; thickening 
agents; preservatives; and the like. 
0062. The compositions of the invention can be provided 
as neutral or salt forms. Pharmaceutically acceptable salts 
include those formed with anions such as those derived from 
hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc., 
and those formed with cations such as those derived from 
Sodium, potassium, ammonium, calcium, ferric hydroxides, 
isopropylamine, triethylamine, 2-ethylamino ethanol, histi 
dine, procaine, etc. 
0063 Pharmaceutical compositions comprising the bispe 

cific or tetravalent antibodies, and/or functionalized bispe 
cific or tetravalent antibodies, and/or chimeric moieties of 
this invention can be manufactured by means of conventional 
mixing, dissolving, granulating, dragee-making, levigating, 
emulsifying, encapsulating, entrapping or lyophilizing pro 
cesses. Pharmaceutical compositions may be formulated in 
conventional manner using one or more physiologically 
acceptable carriers, diluents, excipients or auxiliaries that 
facilitate processing of the molecules into preparations that 
can be used pharmaceutically. Proper formulation is depen 
dent upon the route of administration chosen. 
0064. For injection, the bispecific or tetravalent antibod 

ies, and/or functionalized bispecific or tetravalent antibodies, 
and/or chimeric moieties of this invention can be formulated 
in aqueous Solutions, preferably in physiologically compat 
ible buffers such as Hanks’s solution, Ringer's solution, or 
physiological saline buffer. The Solution can contain formu 
latory agents such as Suspending, stabilizing and/or dispers 
ing agents. Alternatively, compositions comprising the iron 
chelating agent(s) can be in powderform for constitution with 
a Suitable vehicle, e.g., sterile pyrogen-free water, before use. 
0065 For transmucosal administration, penetrants appro 
priate to the barrier to be permeated are used in the formula 
tion. Such penetrants are generally known in the art. 
0066 For oral administration, the bispecific or tetravalent 
antibodies, and/or functionalized bispecific or tetravalent 
antibodies, and/or chimeric moieties of this invention can be 
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readily formulated by combining the agent(s) with pharma 
ceutically acceptable carriers well known in the art. Such 
carriers enable the agent(s) to be formulated as tablets, pills, 
dragees, capsules, liquids, gels, syrups, slurries, Suspensions 
and the like, for oral ingestion by a patient to be treated. For 
oral Solid formulations such as, for example, powders, cap 
sules and tablets, suitable excipients include fillers such as 
Sugars, e.g. lactose, Sucrose, mannitol and Sorbitol; cellulose 
preparations such as maize starch, wheat starch, rice starch, 
potato starch, gelatin, gum tragacanth, methyl cellulose, 
hydroxypropylmethyl-cellulose, sodium carboxymethylcel 
lulose, and/or polyvinylpyrrolidone (PVP); granulating 
agents; and binding agents. If desired, disintegrating agents 
may be added. Such as the cross-linked polyvinylpyrrolidone, 
agar, oralginic acid or a salt thereof Such as sodium alginate. 
0067. If desired, solid dosage forms may be sugar-coated 
or enteric-coated using standard techniques. 
0068 For oral liquid preparations such as, for example, 
Suspensions, elixirs and solutions, Suitable carriers, excipi 
ents or diluents include water, glycols, oils, alcohols, etc. 
Additionally, flavoring agents, preservatives, coloring agents 
and the like can be added. 
0069. For buccal administration, the iron chelating agent 
(s) can take the form of tablets, lozenges, etc. formulated in 
conventional manner. 
0070 For administration by inhalation, bispecific or tet 
ravalent antibodies, and/or functionalized bispecific or tet 
ravalent antibodies, and/or chimeric moieties of this inven 
tion are conveniently delivered in the form of anaerosol spray 
from pressurized packs or a nebulizer, with the use of a 
Suitable propellant, e.g., dichlorodifluoromethane, trichlorof 
luoromethane, dichlorotetrafluoroethane, carbon dioxide or 
other Suitable gas. In the case of a pressurized aerosol, the 
dosage unit may be determined by providing a valve to deliver 
a metered amount. Capsules and cartridges of gelatin for use 
in an inhaler or insufflator may be formulated containing a 
powder mix of the iron chelating agent(s) and a Suitable 
powder base such as lactose or starch. 
0071. In addition to the formulations described previously, 
the bispecific or tetravalent antibodies, and/or functionalized 
bispecific or tetravalent antibodies, and/or chimeric moieties 
of this invention can also be formulated as a depot prepara 
tion. Such long acting formulations may be administered by 
implantation (for example Subcutaneously or intramuscu 
larly) or by intramuscular injection. Thus, for example, the 
agent(s) of this invention can be formulated with suitable 
polymeric or hydrophobic materials (for example as an emul 
sion in an acceptable oil) or ion exchange resins, or as spar 
ingly soluble derivatives, for example, as a sparingly soluble 
salt. 
0072 Other pharmaceutical delivery systems can also be 
employed. Liposomes and emulsions are well known 
examples of delivery vehicles that may be used to deliver the 
bispecific or tetravalent antibodies, and/or functionalized 
bispecific or tetravalent antibodies, and/or chimeric moieties 
of this invention. Certain organic solvents such as dimethyl 
Sulfoxide also may be employed, although usually at the cost 
of greater toxicity. Additionally, the bispecific or tetravalent 
antibodies, and/or functionalized bispecific or tetravalent 
antibodies, and/or chimeric moieties of this invention can be 
delivered using a Sustained-release system, such as semiper 
meable matrices of solid polymers containing the therapeutic 
agent. Various Sustained-release materials have been estab 
lished and are well known by those skilled in the art. Sus 
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tained-release capsules may, depending on their chemical 
nature, can release the active agent(s) for a few days, a few 
weeks, or up to over 100 days. Depending on the chemical 
nature and the biological stability of the agent(s) additional 
strategies for stabilization can be employed. 
0073. As the bispecific or tetravalent antibodies, and/or 
functionalized bispecific or tetravalent antibodies, and/or chi 
meric moieties of this invention may contain charged side 
chains or termini, they can be included in any of the above 
described formulations as the free acids or bases or as phar 
maceutically acceptable salts. Pharmaceutically acceptable 
salts are those salts which substantially retain the biological 
activity of the free bases and which are prepared by reaction 
with inorganic acids. Pharmaceutical salts tend to be more 
soluble in aqueous and other protic solvents than are the 
corresponding free base forms. 
0074 B) Effective Dosages. 
0075. The bispecific or tetravalent antibodies, and/or func 
tionalized bispecific or tetravalent antibodies, and/or chi 
meric moieties of this invention will generally be used in an 
amount effective to achieve the intended purpose (e.g. to 
image a tumor or cancer cell, to inhibit growth and/or prolif 
eration of cancer cells, etc.). In certain preferred embodi 
ments, the bispecific or tetravalent antibodies, and/or func 
tionalized bispecific or tetravalent antibodies, and/or 
chimeric moieties utilized in the methods of this invention are 
administered at a dose that is effective to partially or fully 
inhibit cancer cell proliferation and/or growth, or to enable 
visualization of a cancer cell or tumor characterized by 
expression of HER2 and HER3. In certain embodiments, 
dosages are selected that inhibit cancer cell growth and/or 
proliferation at the 90%, more preferably at the 95%, and 
most preferably at the 98% or 99% confidence level. Pre 
ferred effective amounts are those that reduce or prevent 
tumor growth or that facilitate cancer cell detection and/or 
visualization. With respect to inhibitors of cell growth and 
proliferation, the compounds can also be used prophylacti 
cally at the same dose levels. 
007.6 Typically, bispecific or tetravalent antibodies, and/ 
or functionalized bispecific or tetravalent antibodies, and/or 
chimeric moieties of this invention, or pharmaceutical com 
positions thereof, are administered or applied in a therapeu 
tically effective amount. Atherapeutically effective amount is 
an amount effective to reduce or prevent the onset or progres 
sion (e.g., growth and/or proliferation) of a cancer cell and/or 
a tumor. Determination of a therapeutically effective amount 
is well within the capabilities of those skilled in the art, 
especially in light of the detailed disclosure provided herein. 
0077. For systemic administration, a therapeutically 
effective dose can be estimated initially from in vitro assays. 
For example, a dose can be formulated in animal models to 
achieve a circulating concentration range that includes the 
IC50 as determined in cell culture. Such information can be 
used to determine useful doses in humans. 
0078. Initial dosages can also be estimated from in vivo 
data, e.g., animal models, using techniques that are well 
known in the art. One skilled in the art could readily optimize 
administration to humans based on animal data. 
0079 Dosage amount and interval can be adjusted indi 
vidually to provide plasma levels of the inhibitors which are 
sufficient to maintain therapeutic effect. 
0080 Dosages for typical therapeutics are known to those 
of skill in the art. Moreover, such dosages are typically advi 
Sorial in nature and may be adjusted depending on the par 
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ticular therapeutic context, patient tolerance, etc. Single or 
multiple administrations of the compositions may be admin 
istered depending on the dosage and frequency as required 
and tolerated by the patient. 
I0081. In certain embodiments, an initial dosage of about 1 
ug, preferably from about 1 mg to about 100 mg per kilogram 
daily will be effective. A daily dose range of about 5 to about 
75 mg per kilogram is preferred. The dosages, however, can 
be varied depending upon the requirements of the patient, the 
severity of the condition being treated, and the compound 
being employed. Determination of the proper dosage for a 
particular situation is within the skill of the art. Generally, 
treatment is initiated with Smaller dosages that are less than 
the optimum dose of the compound. Thereafter, the dosage is 
increased by small increments until the optimum effect under 
the circumstance is reached. For convenience, the total daily 
dosage can be divided and administered in portions during the 
day if desired. Any effective dosage may be used. Dosages 
may be routinely optimized according to well known methods 
in the art in view of the present disclosure and may be, for 
example, from about 0.1 to about 500 mg/kg and more typi 
cally, from about 0.1 to about 100 mg/kg, and ideally about 25 
to about 50 mg/kg. 
I0082 In cases of local administration or selective uptake, 
the effective local concentration of the bispecific antibodies 
and/or chimeric molecules may not be related to plasma con 
centration. One skilled in the art will be able to optimize 
therapeutically effective local dosages without undue experi 
mentation. The amount of antibody and/or chimeric moiety 
will, of course, be dependent on the Subject being treated, on 
the subjects weight, the severity of the affliction, the manner 
of administration and the judgment of the prescribing physi 
C1a. 

I0083. The therapy can be repeated intermittently. In cer 
tain embodiments, the pharmaceutical preparation compris 
ing the bispecific antibody molecules can be administered at 
appropriate intervals, for example, once every week, once 
every two weeks, once every three weeks, or once every four 
weeks, until the pathological symptoms are reduced or alle 
viated, after which the dosage may be reduced to a mainte 
nance level as desired. The appropriate interval in a particular 
case would normally depend on the condition of the patient. 
The therapy can be provided alone or in combination with 
other drugs, and/or radiotherapy, and/or Surgical procedures. 
I0084 C) Toxicity. 
I0085 Preferably, a therapeutically effective dose of bispe 
cific antibodies, and/or functionalized bispecific antibodies, 
and/or chimeric moieties of this invention described herein 
will provide therapeutic benefit without causing substantial 
toxicity. 
I0086 Toxicity of the agents described herein can be deter 
mined by standard pharmaceutical procedures in cell cultures 
or experimental animals, e.g., by determining the LD50 (the 
dose lethal to 50% of the population) or the LD100 (the dose 
lethal to 100% of the population). The dose ratio between 
toxic and therapeutic effect is the therapeutic index. Agents 
that exhibit high therapeutic indices are preferred. Data 
obtained from cell culture assays and animal studies can be 
used in formulating a dosage range that is not toxic for use in 
human. The dosage of the bispecific or tetravalent antibodies, 
and/or functionalized bispecific or tetravalent antibodies, 
and/or chimeric moieties of this invention preferably lie 
within a range of circulating concentrations that include the 
effective dose with little or no toxicity. The dosage can vary 
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within this range depending upon the dosage form employed 
and the route of administration utilized. The exact formula 
tion, route of administration and dosage can be chosen by the 
individual physician in view of the patient's condition (see, 
e.g., Finglet al. (1975) In: The Pharmacological Basis of 
Therapeutics, Ch. 1, p. 1). 
0087 D) Kits. 
0088. The present invention further encompasses kits for 
use in detecting cells expressing or overexpressing HER2/ 
HER3 in vivo, and/or in biological samples. Kits are also 
provided for inhibiting the growth and/or proliferation of 
cells expressing or overexpressing HER3 (e.g. cancer cells). 
0089. In certain embodiments, the kits comprise one or 
more bispecific or tetravalent antibodies. Depending on the 
use, the antibodies can be functionalized with linkers and/or 
chelators for coupling to an effector (e.g. a radioactive moi 
ety, a liposome, a cytoxin, anotherantibody, etc.) as described 
herein. 
0090. In certain embodiments, the kits can comprise 
described bispecific or tetravalent antibodies as well as buff 
ers and other compositions to be delivered to cells. 
0091. The kits can also include instructional materials 
teaching the use of the antibodies for detecting, e.g. cancer 
cells, and/or teaching the combination of the antibodies with 
functionalizing reagents or teaching the use of functionalized 
antibodies for imaging and/or therapeutic applications. In 
certain embodiments, the antibody is provided functionalized 
with a linker and/or a chelator (in one container) along with 
one or more effectors, e.g. cytotoxins, radioactive labels (in a 
second container) Such that the two components can be sepa 
rately administered (e.g. in pre-targeting approaches) or Such 
that the two components can be administered shortly before 
SC. 

0092. Certain instructional materials will provide recom 
mended dosage regimen, counter indications, and the like. 
While the instructional materials typically comprise written 
or printed materials they are not limited to such. Any medium 
capable of storing Such instructions and communicating them 
to an end user is contemplated by this invention. Such media 
include, but are not limited to electronic storage media (e.g., 
magnetic discs, tapes, cartridges, chips), optical media (e.g., 
CDROM), and the like. Such media may include addresses to 
internet sites that provide such. 

EXAMPLES 

0093. The present invention will be described in greater 
detail by way of specific examples. The following examples 
are offered for illustrative purposes only, and are not intended 
to limit the invention in any manner. Those of skill in the art 
will readily recognize a variety of noncritical parameters 
which can be changed or modified to yield essentially the 
same results. 

Example 1 

Cell Lines, Reagents, and Antibodies 
0094. The human breast cancer cell lines BT-474 and SK 
BR-3 were obtained from the AmericanType Culture Collec 
tion (ATCC, catalog nos. HTB-20 and HTB-30, respectively) 
and cultured in Hybricare Medium (ATCC, catalog no. 46-X) 
and McCoy's 5a (Gibco, catalog no. 12330-031/Hyclone, 
catalog no. SF30200.01), with 1% penicillin/streptomycin 
and 10% FCS), respectively. The human breast cancer cell 
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line HCC1419 (a generous gift of Drs. Adi Gazdar, John 
Minna and Kenneth Huffman, Hamon Center for Therapeutic 
Oncology Research, University of Texas Southwestern Medi 
cal Center at Dallas, Dallas, Tex.) was cultured in RPMI 1640 
with 1% penicillin/streptomycin and 5% FCS. 
0.095 For imaging experiments, cells were cultured in 
phenol-red free DMEM (Gibco, catalog no. 31053-028) 
supplemented with 1% penicillin/streptomycin, 1% 
L-Glutamine, 10 mM HEPES buffer, 1 mM sodium pyruvate, 
100 nM MEM non-essential amino acids, 55 nM 2-mercap 
toethanol and 10% FCS. 
0096 Polyclonal antibodies specific for phospho-Akt 
T308 (catalog no. 9275S), Akt, phospho-Erk1.2 (catalog no. 
9101S), Erk1,2 (catalog no.9102S), phospho-HER2Y1221/ 
1222 (catalog no. 2249S), and monoclonal antibodies against 
phospho-Akt-5473 (D9E) (catalog no. 4060L), and phospho 
HER3Y1289 (D1B5) (catalog no. 2842) were obtained from 
Cell Signaling Technologies. Polyclonal anti-HER3 antibody 
(C-17) (catalog no. SC-285) was from Santa Cruz, Biotech 
nology and monoclonal anti-c-erbB2 antibody (Ab-3 3B5) 
(catalog no. OP15L) was from Millipore. The monoclonal 
anti-actin antibody (Ab-5) (catalog no. 612656) was from BD 
Bioscience. Horseradish peroxidase-labeled goat anti-rabbit 
and anti-mouse IgG (H+L) (catalog nos. 111-035-003 and 
115-035-003, respectively) were purchased from Jackson 
Immunoresearch Laboratories. Lapatinib (catalog no. 
L-4804) was obtained from LC Laboratories and recombi 
nant human heregulin-B1 (HRG-31; EGF-like domain, cata 
log no. 100-03) was obtained from Peprotech. 
(0097. The methodology used to determine HER2 and 
HER3 levels by flowcytometry is as follows, unless otherwise 
indicated. Antibodies were labeled with either Alexa Fluor R 
647 carboxylic acid, succinimidyl ester (Life Technologies, 
Catalog # A-20173) or Alexa Fluorr 488 carboxylic acid, 
succinimidyl ester (Life Technologies, Catalog # A-10235) 
using methods recommended by the manufacturer. Following 
the labeling reaction, antibodies were extensively dialyzed 
against PBS to remove unincorporated Alexa dye. Cells were 
seeded at a density of 100,000 cells per well in 24 well plates, 
incubated overnight, and subsequently treated with either 1 
uM lapatinib or vehicle control (DMSO) for 24 hours at 37° 
C. in a CO, incubator. Treated cells were incubated with 
Alexa 647-labeled Ab6 and Alexa 488-labeled trastuzumab 
(50 nM each) for 15 minutes at 37° C. in a CO incubator. 
Following incubation, cells were trypsinized, washed, and 
suspended in PBS. Stained cells were analyzed using a BD 
FACScalibur and data processed using Flow Jo (Tree Star). 

Example 2 

Recombinant Antibodies 

0.098 Clinical grade trastuzumab and pertuzumab were 
obtained from the UT Southwestern Pharmacy. For compara 
tive purposes, trastuzumab and pertuzumab were also 
expressed in recombinant form using the same expression 
host as the other antibodies used in this study. Expression 
plasmids for the production of antibodies instably transfected 
CHO cells were generated as follows: the genes encoding the 
heavy and light chain variable domains (VH and VL, respec 
tively) of trastuzumab, pertuzumab and Ab6 (US patent 
2010.0266584A1: MM-121) were synthesized commercially 
(Integrated DNA Technology, Genscript, or Thermo Fisher) 
and used to generate full length human IgG1 and human 
kappa genes with the leader peptide (MGWSCIILFLVATAT 
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GVHS) (SEQ ID NO: 9) from the anti-lysozyme antibody, 
Hulys10, using standard methods of molecular biology. The 
vectors pcDNA 3.3 TOPO and pCptiVEC-TOPO (OptiCHO 
Ab Express Kit, Life Technologies, catalog nos. K8300-01 
and 12744.017, respectively) were used for the expression of 
the light and heavy chain genes, respectively. 
0099] To generate expression constructs for bispecific 
antibodies, a linker sequence containing a unique XhoI site 
was inserted at the 3' end of the heavy chain genes (trastu 
Zumab and pertuzumab) using a designed oligonucleotide 
and the PCR. Asch v gene encoding the Ab6 schv with codons 
encoding a (Gly Ser) (SEQ ID NO: 10) linker peptide 
between the VH (JH) and VL gene was generated using stan 
dard methods of molecular biology. XhoI sites and Gly-Ser 
Ser codons to connect the CH3 domain to the VH gene, were 
appended to the 5' and 3' ends of the scFv gene using the PCR. 
This schv gene was cloned into the XhoI sites at the 3' ends of 
the trastuzumab and pertuzumab heavy chain genes to gen 
erate full length heavy chains linked to the Ab6 scFv. SEQID 
NO: 1 represents the heavy chain nucleotide and correspond 
ing amino acid sequences for TAb6 and SEQID NO: 2 rep 
resents the light chain nucleotide and corresponding amino 
acid sequences for TAb6. A map of the TAb6 heavy chain 
plasmid vector and a map of the TAb6 light chain plasmid 
vector gene are illustrated in FIG. 15 and FIG. 16, respec 
tively. 

Example 3 

Transfections and Expression of Recombinant 
Antibodies 

0100 Light chain expression constructs were transfected 
into CD/DG44 CHO cells (Life Technologies, catalog no. 
A1 1000-01) using electroporation. Desired clones were 
selected in CD/DG44 CHO medium (Life Technologies, 
catalog no. 12610010) containing 500 g/ml geneticin with 
out the HT Supplement. The clone expressing the highest 
levels of light chain was identified by Screening culture Super 
natants with ELISAS using goat anti-human kappa light chain 
antibody for detection (Sigma-Aldrich, catalog no. A7164). 
Heavy chain expression constructs were then transfected into 
their respective stably transfected light chain expressing 
CD/DG44 CHO clones via electroporation and selected with 
Opti-CHO Medium (Life Technologies, catalog no. 12681 
011) containing 500 ug/ml geneticin. Supernatants of clones 
were screened by sandwich ELISA using goat anti-human 
IgG (Fab specific, Sigma-Aldrich, catalog no. 15260) as cap 
ture antibody and goat anti-human IgG (Fc-specific) conju 
gated to horseradish peroxidase (Sigma-Aldrich, catalog no. 
A0170) as detection antibody. The clones expressing the 
highest levels of antibody were expanded and cultured in 
increasing concentrations of methotrexate (MTX, 50 nM-4 
uM) to induce gene amplification. Clones were further 
expanded in shake flasks (130 rpm) in 8% CO and antibody 
purified from culture Supernatants using protein G-Sepharose 
(GE Healthcare, catalog no. 17-0618-05). Several antibodies 
were also scaled up and purified by BioXCell. 

Example 4 

Proliferation Assays 
0101 Cells were plated in 96 well plates at a density of 
2,500 cells per well and incubated overnight. Cells were 
treated with lapatinib (1 uM), HRG-31 (6.25 nM), anti-HER3 
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antibody Ab6 or the tetrameric form, Ab6tet, trastuzumab 
(anti-HER2), pertuzumab (anti-HER2), or the bispecific anti 
HER2/HER3 antibodies TAb6 and PAb6 as indicated in the 
figure legends. Antibodies were used at a concentration of 50 
nM unless otherwise indicated. Dimethyl sulfoxide or phos 
phate buffered saline (PBS) were used as vehicle controls for 
lapatinib or HRG-B1/antibodies, respectively. After 5 days of 
incubation in a 37°C. 5% CO incubator, cell proliferation 
was quantitated using CelTiter 96 AQeous One Solution 
Proliferation Assay kit (Promega, catalog no. G3580) accord 
ing to the manufacturers instructions. 

Example 5 

Immunoblotting 

0102 Cells cultured to near confluence in 6 well plates 
were treated with lapatinib, HRG-B1 or antibodies as for 
proliferation assays. Following one or 24 hours incubation, 
cells were lysed using RIPA buffer (50 mM Tris, 150 mM 
NaCl, 0.5% sodium deoxycholate, 1% Triton X-100, 0.1% 
Sodium dodecyl sulfate, 2 ug/mL aprotinin, 2 ug/mL leupep 
tin, 1 ug/mL pepstatin A, and 0.4 mg/mL pefabloc SCPLUS). 
Lysates were centrifuged for 20 minutes at 14,600 rpm at 4 
C. and Supernatants were collected. Protein concentrations in 
each lysate were determined using the BCA protein assay 
reagent (Pierce, catalog no. 23.223). Total lysates were frac 
tionated by SDS-PAGE and transferred onto polyvinylidene 
difluoride (PVDF) membranes (Millipore, catalog no. 
IPVH00010) or nitrocellulose membranes (Bio-Rad, catalog 
no 162.01.45). Membranes were incubated with 5% bovine 
serum albumin in Tris-buffered saline with 0.1% Tween 
(TBST, pH 8.0) for 1 hour following transfer to block non 
specific binding sites. Blocked membranes were incubated 
with primary antibodies overnight at 4°C. with agitation. 
Prior to incubation with the secondary antibodies conjugated 
to horseradish peroxidase, blots were washed three times (10 
minutes/wash) with TBST. Following incubation with sec 
ondary antibodies for 1 hour and washing, bound secondary 
antibody was detected using chemiluminescent detection 
regent (GE Healthcare, catalog no. RPN 2209/AF). 

Example 6 

Fluorescence Microscopy 
0103) SK-BR-3 cells incubated overnight at a density of 
50,000 cells per dish were treated with 50 nM Ab6, Ab6tet, or 
TAb6 for 15 minutes at 37° C. and then either immediately 
washed and fixed or chased in medium at 37° C. for 45 
minutes prior to washing and fixation. For fixation, cells were 
treated with 1.7% (w/v) paraformaldehyde for 10 minutes at 
37° C. and then permeabilized with 0.05% (v/v) saponin for 
10 minutes at room temperature in PBS. A pre-block with 4% 
BSA/PBS was carried out prior to staining with 2 ug/mL of 
polyclonal rabbit anti-LAMP-1 antibody (Abcam, catalog 
no. AB24.170) and 12.5 Lig/mL monoclonal mouse anti 
EEA-1 (clone 14) from BD Bioscience (catalog no. 610456) 
for 30 minutes at room temperature. After blocking for 30 
minutes with goat serum (Sigma-Aldrich, catalog no. 
G6767), bound primary antibodies were detected by incubat 
ing cells with the following secondary antibody conjugates 
for 25 minutes at room temperature: Alexa 555-labeled goat 
anti-human IgG (H+L) (Life Technologies, catalog no. 
A21433), Alexa 647-labeled goat anti-mouse IgG (H+L) 
(Life Technologies, catalog no. A21236) and Alexa 488-la 
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beled goatanti-rabbit IgG (H+L) (Life Technologies, catalog 
no. A11034). Cells were washed twice with PBS between 
each incubation step and were stored at 4°C. in 1% BSA/ 
PBS. 
0104 Images were acquired using a Zeiss Axiovert 200M 
inverted fluorescence microscope with a 63x Plan Apochro 
mat objective as described previously. Data was processed 
using custom written software in Matab (MIAtool/LAB 
Soft: www.wardoberlab.com/software/miatool/). 

Results 

0105. The inventors’ study has led to several observations 
that are of relevance to targeting HER2 and HER3. First, we 
show that in the presence of heregulin, combination treatment 
with antibodies and lapatinib is necessary to achieve inhibi 
tion of signaling and growth. Under these conditions, a tet 
ravalent HER3-specific antibody induces increased degrada 
tion of HER3 and has more potent anti-tumor effects relative 
to its bivalent counterpart. Importantly, when used in combi 
nation with lapatinib, the bispecific anti-HER2/HER3 anti 
body is a more effective inhibitor of heregulin-driven signal 
ing and growth compared with anti-HER3 antibodies, 
tetravalent anti-HER3 antibodies or mixtures of individual 
antibodies specific for HER2 and HER3. The inventors’ 
observations are consistent with a model in which the bispe 
cificantibody recruits HER3 into HER2-HER3 heterodimers 
that are inactive in the presence of lapatinib. Collectively, 
these studies provided support for the combined use of mul 
timeric anti-growth factor receptor antibodies with small 
molecule TKI inhibitors for the therapy of cancer. 
0106 Antibodies Specific for HER2 and HER3 have Dif 
ferential Effects on Signaling and Proliferation. 
0107 The anti-HER3 antibody, Ab6 (MM121, Schoeberl 
B, Faber AC, LiD, Liang MC, Crosby K, OnsumM, et al. An 
ErbB3 antibody, MM-121, is active in cancers with ligand 
dependent activation. Cancer Res 2010; 70:2485-94), which 
competes with heregulin for binding to HER3 was used 
throughout the examples. To investigate whether a tetravalent 
anti-HER3 antibody is more effective than its bivalent coun 
terpart in inhibiting cell growth and proliferation, the inven 
tors fused the Ab6 single chain Fv (scFv) to the CH3 domains 
of Ab6 via a Gly-Ser-Ser linker. In addition, a bispecific 
trastuzumab (anti-HER2)-Ab6 antibody (TAb6) was gener 
ated by fusing scFV fragments corresponding to Ab6 to the 
CH3 domain of trastuzumab using an analogous design (FIG. 
1). All antibodies were expressed in transfected CHO cells. 
0108. The expression yields of the bispecific antibodies 
were 4.5 mg/L, 2.5 mg/L and 8 mg/L for Ab6tet, PAb6 and 
TAb6, respectively. Size exclusion and serum stability analy 
ses of the bispecific proteins are presented in the FIGS. 2 and 
3. For comparative purposes, size exclusion studies of Ab6. 
trastuzumab and pertuzumab are shown (FIG.2). Ab6 and the 
bispecific antibodies also bound to immobilized, recombi 
nant Fc-HER2 (TAb6, PAb6) or HER3 (Ab6, Ab6tet, TAb6, 
PAb6) in surface plasmon resonance experiments (BIAcore: 
data not shown). The in vivo half-lives (B-phase) of Ab6tet 
and TAb6 were also determined in BALB/c SCID mice and 
were 228-14 (n=4 mice) and 215+11 (n=5 mice) hours, 
respectively. 
0109 The inventors initially assessed the effect of target 
ing HER3 and HER2/HER3 with several different antibody 
formats in the absence of the HER3 ligand, heregulin. For 
comparative purposes the inventors also included the anti 
HER2 antibodies, trastuzumab and pertuzumab, which bind 
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to domain IV and the dimerization arm (domain II), respec 
tively, of HER2. The anti-HER3 antibody, Ab6, and its tet 
rameric form, Ab6tet, reduced proliferation in the HER2 
overexpressing cancer cell lines, SK-BR-3 and HCC1419 
(FIG. 4A). Although Ab6 and Ab6tet treatment resulted in a 
trend towards reduced proliferation in BT-474 cells, the 
effects were not significant. By contrast with SK-BR-3 and 
HCC1419 cells, BT-474 cells express again of function vari 
ant of PI3K which could account for the reduced efficacy of 
anti-HER3 antibodies. Consistent with the observations of 
others, trastuzumab has higher anti-proliferative activity on 
ligand-independent growth of SK-BR-3 and BT-474 cells 
relative to pertuzumab (FIG. 4A). 
0110. Although combinations of anti-HER2 and anti 
HER3 antibodies (Ab6 combined with trastuzumab or pertu 
Zumab) had anti-proliferative activities, exposure of cells to 
the bispecific, TAb6, comprising trastuzumab plus Ab6, 
resulted in increased proliferation (FIG. 4A). Further, a bispe 
cific antibody comprising Ab6 and pertuzumab (PAb6) 
induced proliferation (FIG.4A). The effects of both PAb6 and 
TAb6, which bind to different sites of HER2, indicate that 
proximity of HER2 and HER3 is sufficient for proliferative 
signaling, rather than a need for the receptors to dimerize in a 
specific configuration. This proximity model is also consis 
tent with the observation that exposure of cells to a mixture of 
trastuzumab or pertuzumab and Ab6, which would not be 
expected to drive formation of HER2-HER3 heterodimers, 
results in reduced proliferation (FIG. 4A). 
0111 Analyses of the effects of the antibodies on the 
phosphorylation of HER3. Akt and Erk, demonstrated that the 
anti-proliferative effects are associated with decreased pAkt 
levels in SK-BR-3 and BT-474 cells (FIG. 4B). Although 
pErk levels were lower following treatment of cells for one 
hour with Ab6, Ab6tet, or Ab6 combined with anti-HER2 
antibodies than for cells treated with trastuzumab, pertu 
Zumab, TAb6 or PAb6, these differences were not sustained at 
the 24 hour time point (FIG. 4B). Exposure of SK-BR-3 or 
BT-474 cells to TAb6 or PAb6 resulted in increased pAkt 
(S473) levels that persisted for at least 24 hours, consistent 
with the pro-proliferative effects of these bispecific antibod 
ies. By contrast, the levels of pAkt at 24 hours were decreased 
in cells treated with any of the other antibodies or antibody 
combinations (FIG. 4B). In addition, total HER3 levels at 24 
hours were reduced by treatment with anti-HER3 antibodies, 
whereas exposure of cells to the bispecific antibodies, TAb6 
and PAb6, resulted in less HER3 degradation (FIGS. 4B, 5). 
Reduced HER3 degradation following TAb6 or PAb6 treat 
ment is consistent with the inhibitory effects of HER2 expres 
sion on the internalization of EGFR or HER3. The increased 
degradation induced by Ab6tet relative to Ab6 was more 
marked for SK-BR-3 than BT-474 cells (FIG. 4B). 
0112 Microscopy analyses were used to further investi 
gate the intracellular trafficking pathways taken by Ab6. 
Ab6tet and TAb6 (FIG. 6). These studies demonstrate that 
Ab6tet is internalized into EEA-1 positive early endosomes 
more rapidly than Ab6, and enters these compartments within 
5 minutes of treatment. Following 15 minutes of treatment, 
both Ab6 and Ab6tet are internalized into early endosomes, 
although the levels of Ab6 remaining on the plasma mem 
brane are greater than for Ab6tet (FIG. 6). By contrast, the 
majority of TAb6 is present on the plasma membrane follow 
ing 5-60 minutes of treatment (FIGS. 6, 7). Within one hour of 
treatment, Ab6 and Ab6tet is present in LAMP-1 + lysosomes 
(FIG. 7). Multivalent antibody binding to HER3 therefore 
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enhances the rate of HER3 internalization into the endolyso 
Somal pathway, consistent with the increased degradation of 
HER3 in the presence of Ab6tet relative to Ab6. 
0113 Targeting HER2/HER3 with Antibodies is Ineffec 
tive in the Presence of Heregulin. 
0114 Heregulin is frequently present in tumors due to 
autocrine and/or paracrine production, motivating an investi 
gation of the effects of the antibodies on tumor cell growth in 
the presence of this HER3 ligand. HCC1419 cells showed 
increased proliferation in the presence of heregulin, whereas 
reduced proliferation was observed for SK-BR-3 cells (FIG. 
8A). Although BT-474 cells showed a trend towards heregu 
lin-stimulated proliferation, differences between vehicle- and 
heregulin-treated cells were not always significant. Reduced 
proliferation of SK-BR-3 cells in response to heregulin has 
been described previously. Heregulin exposure ablated the 
inhibitory effects of Ab6, Ab6tet, trastuzumab or trastuzumab 
plus Ab6 on ligand-independent proliferation of BT-474 or 
HCC1419 cells (FIGS. 4A, 8A). Slightly higher proliferation 
of HCC1419 cells were observed following TAb6 relative to 
trastuzumab plus Ab6 treatment, but differences for these two 
treatments were not significant for SK-BR-3 and BT-474 
cells. The reduced efficacy of the antibodies in the presence of 
heregulin was accompanied by either no change (SK-BR-3 
cells with trastuzumab and TAb6 24 hours following treat 
ment and BT-474 cells with all treatments), or a reduction 
(SK-BR-3 cells with Ab6, Ab6tet, or a mixture of trastu 
Zumab plus Ab6 at 24 hours) in pakt levels. Collectively, the 
data indicate that antibody targeting of HER2 and HER3 has 
limited efficacy in the presence of intratumoral HER3 
ligands. 
0115 Lapatinib Combined with Antibodies Specific for 
HER2/HER3 Overcomes Heregulin-Mediated Resistance 
0116. The induction of proliferative signaling by HER2 
HER3 dimerization forced by TAb6 treatment suggested 
that the combination of this bispecific antibody with the small 
molecule inhibitor of HER2 (and EGFR) kinase activity, 
lapatinib, might stabilize HER2-HER3 heterodimers in an 
inactive state. Further, the inventors hypothesized that such 
complexes would preclude the interaction of HER3 with sig 
naling competent partners. Lapatinib treatment is known to 
result in upregulation of HER2 and HER3 levels on the 
plasma membrane, and the inventors confirmed these obser 
Vations under the conditions of the inventors assay (except 
that HER2 was not upregulated on BT-474 cells: FIG. 10). 
Treatment of SK-BR-3 and BT-474 cells with lapatinib at 
doses ranging from 50 nM-1 uM resulted in inhibition of 
proliferation (FIG.9A). However, this growth inhibition was 
ablated by exposure of cells to heregulin (FIG.9A). Although 
lapatinib treatment alone resulted in potent inhibition of 
HER3, Akt and Erk phosphorylation, this was partially 
reversed by incubation of cells with lapatinib plus heregulin 
(FIG.9B). 
0117 The observation that lapatinib alone has limited effi 
cacy in blocking cell proliferation in the presence of heregulin 
prompted us to investigate the effect of combination treat 
ment of heregulin-exposed SK-BR-3, BT-474 and HCC1419 
cells with lapatinib and HER3-targeting antibodies. Addition 
of Ab6 or Ab6tet to lapatinib resulted in anti-proliferative 
effects compared with the effects of lapatinib alone (FIG. 
11A). In addition, for SK-BR-3 and HCC1419 cells, Ab6tet 
was more effective than Ab6 (FIG. 11A). Consistent with the 
inability of trastuzumab to inhibit ligand-dependent HER2 
HER3 signaling, this HER2-specific antibody did not reduce 
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proliferation in the presence of heregulin and lapatinib. By 
contrast, of the antibodies/bispecifics tested, the anti-HER2/ 
HER3 bispecific, TAb6, was the most potent of the antibodies 
tested in combination with lapatinib in reducing proliferation 
of heregulin-treated cells (FIG. 11A) Importantly, this bispe 
cific also had increased anti-proliferative effects relative to a 
mixture of trastuzumab and Ab6 (FIG.11A). In the absence of 
heregulin, none of the antibodies further reduced the anti 
proliferative activity of lapatinib (FIG. 12). 
0118. In the presence of lapatinib and heregulin, Ab6tet, 
trastuzumab plus Ab6 or TAb6 treatment resulted in lower 
levels of pHER3, pErk and pAkt (S473, T308) for SK-BR-3 
and HCC1419 cells (FIGS. 11B, 13). The improved activity 
of Ab6tet compared with Ab6 in SK-BR-3 and HCC1419 
cells is consistent with the increased degradation of HER3 in 
the presence of the tetrameric antibody (FIGS. 11B, 13, 14). 
TAb6 was the most potent antibody in reducing downstream 
signaling in SK-BR-3, BT-474 and HCC1419 cells, and was 
more inhibitory than mixtures of trastuzumab and Ab6 (FIG. 
11B). Further, TAb6 was the only antibody in combination 
with lapatinib that reduced heregulin-induced pakt and plerk 
in BT-474 cells. Collectively, the data indicate that in the 
presence of lapatinib the bispecific antibody, TAb6, is the 
most potent inhibitor of ligand-induced activation. 
0119 The limitations of targeting individual components 
of the HER3/PI3K/Akt signaling axis, including the activity 
of the preferred dimerization partner HER2, is well docu 
mented. Several factors contribute to the poor efficacy of this 
approach: first, antibodies specific for HER2 and HER3 have 
reduced activity in inhibiting proliferation and signaling in 
the presence of the HER3 ligand heregulin, which is 
expressed in multiple tumor types. Second, the use of Small 
molecule TKIs such as lapatinib or gefitinib results in com 
pensatory HER2 and HER3 upregulation and signaling 
through either incomplete blockade of HER2 kinase activity 
or HER3 association with other signaling competent partners. 
Third, these compensatory effects are exacerbated by the 
presence of heregulin. Consequently, TKIS Such as lapatinib 
are ineffective as single agents in inhibiting breast tumor cell 
proliferation, indicating a need for the development of com 
bination therapies. An analysis was conducted of the efficacy 
of two HER3-focused strategies directed toward reducing 
breast cancer cell signaling and proliferation. These 
approaches also have broader relevance to the targeting of 
other cell surface receptors, and involve the use of distinct 
antibody designs to recruit HER3 into kinase-inhibited 
HER2-HER3 complexes or induce HER3 degradation. It was 
demonstrated that the recruitment of HER3 into lapatinib 
inactivated HER2-HER3 complexes by a bispecific anti 
HER2/HER3 antibody (TAb6, comprising trastuzumab and 
an anti-HER3 scFv) is efficacious in both ablating PI3K/Akt 
signaling and reducing tumor cell proliferation in the pres 
ence of heregulin Importantly, and of direct relevance to 
therapy, the bispecific antibody is a more potent inhibitor of 
signaling and growth than either HER2- or HER3-specific 
antibodies alone or a mixture of antibodies of both specifici 
ties. In a second approach, we have compared the effect on 
tumor cell signaling and growth of a multivalent anti-HER3 
antibody (Ab6tet) that is designed to enhance HER3 degra 
dation with its bivalent counterpart, Ab6. In the presence of 
heregulin and lapatinib, Ab6tet has higher activity. By com 
parison with bivalent Ab6, this multivalent construct induces 
more rapid HER3 internalization into early endosomes. By 
contrast, the bispecific TAb6 induces less HER3 degradation 
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than either Ab6 or Ab6tet, and yet is more effective in reduc 
ing cell signaling and proliferation. This indicates that the 
internalization resistance and/or recycling behavior of HER2 
has a dominant effect on HER3 in the forced HER2-HER3 
heterodimers. Further, the internalization resistance is con 
sistent with earlier studies in which endocytic uptake of 
EGFR or HER3 is reduced by dimerization with HER2 
Importantly, our data indicate that the locking of HER3 into 
inactive HER2-HER3 complexes, even if they remain on the 
plasma membrane, is a more effective strategy for the abla 
tion of heregulin-mediated signaling than induction of 
increased HER3 degradation. In addition, analogous 
approaches could be extended to the design of bispecifics for 
the recruitment of HER3 into heterodimers with other part 
ners for tumors that do not overexpress HER2. 
0120. The question arises as to why the anti-HER3 anti 
body, which competes for heregulin binding, is not as effec 
tive either alone or in combination with trastuzumab as the 
bispecific antibody, TAb6, in reducing HER3-PI3K signal 
ing. In addition to locking HER3 into dimers, TAb6 would be 
expected to enhance the avidity of binding of Ab6 to HER3 
throughbridging of trastuzumab-HER2 complexes. The tras 
tuzumab-HER2 interaction is of very high affinity (100 pM, 
Carter P. Presta L., Gorman CM, Ridgway J B, Henner D, 
Wong WL, et al. Humanization of an anti-p185HER2 anti 
body for human cancer therapy. Proc Natl Acad Sci USA 
1992: 89:4285-9), and this, combined with high HER2 
expression levels on the cell Surface, should increase avidity 
effects. Further, although Ab6tet is expected to bind with 
increased avidity over Ab6 through increased valency, the 
Ab6-HER3 interaction is of much lower affinity (0.8 nM, 
Schoeberl B, Pace EA, Fitzgerald JB, Harms BD, Xu L, Nie 
L., et al. Therapeutically targeting ErbB3: a key node in 
ligand-induced activation of the ErbB receptor-PI3K axis. Sci 
Signal 2009; 2:ra31). Thus, the improved efficacy of Ab6tet 
relative to Ab6 could be due to both increased degradation of 
HER3 and higher avidity binding, but the avidity enhance 
ment resulting from multivalent binding would be lower than 
that for TAb6. 

0121 The use of bispecific antibodies of different formats 
is an active area in the development of cancer therapeutics 
(Reichert J. M. Dhimolea E. The future of antibodies as cancer 
drugs. Drug Discov Today 2012; 17:954–63). For example, 
strategies to target both HER2 and HER3 using several dif 
ferent bispecific antibody formats or mixtures of antibodies 
have been described. Of relevance to the use of bispecifics, 
however, the inventors observed that in the absence of lapa 
tinib (and heregulin), exposure of SK-BR-3, BT-474 or 
HCC1419 cells to bispecific antibodies comprising either 
trastuzumab or pertuzumab and the anti-HER3 scFv, Ab6 
(TAb6 or PAb6, respectively), results in increased PI3K/Akt 
signaling and proliferation. The observation that bispecifics 
containing either trastuzumab (TAb6) or pertuzumab (PAb6) 
are both active in inducing HER3 phosphorylation and PI3K/ 
Akt signaling Suggests that proximity rather than a specific 
configuration of HER2 and HER3 is sufficient for HER3 
transphosphorylation. This is consistent with our observation 
that bispecific HER2/HER3 specificantibodies can sequester 
HER3 into HER2-HER3 heterodimers that, if inhibited by 
HER2-specific TKIs, effectively silence HER3. 
0122) The inventors have also characterized the impact of 
using antibodies of different designs on intracellular traffick 
ing. The increased internalization and trafficking to lysos 
omes induced by using a multivalent anti-HER3 antibody 
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(Ab6tet) suggests that this approach could be used to enhance 
the activity of antibody-drug conjugates for which lysosomal 
delivery is required. By contrast, a high proportion of the 
bispecific, TAb6, persists on the plasma membrane where it is 
exposed for recognition by Fc?RS and/or complement recep 
tors, allowing antibody dependent cell-mediated cytotoxic 
ity/phagocytosis (ADCC/ADCP) or complement-mediated 
cytotoxicity by appropriate effector cells. 
I0123. Earlier studies have demonstrated that dual target 
ing of HER2 and HER3, using either bispecific schvs or 
mixtures of individual antibodies specific for HER2 and 
HER3, reduces tumor cell growth in the presence of lapatinib. 
Significantly, here it was demonstrated that TAb6 is more 
effective than mixtures of trastuzumab and Ab6. This is con 
sistent with the concept that TAb6 anchors HER3 into lapa 
tinib-inactivated HER2-HER3 dimers, thereby sequestering 
it from interactions with other kinase competent partners and 
enabling Ab6 to bind to HER3 with increased avidity. By 
analogy with the observations of the inventors, the use of a 
bispecific scFv-human albumin fusion (MM-111) has been 
shown to have anti-tumor effects in the presence of heregulin, 
which were increased by the addition of lapatinib (McDon 
agh CF. Huhalov A. Harms BD, Adams S. Paragas V. Oyama 
S. et al. Antitumor activity of a novel bispecific antibody that 
targets the ErbB2/ErbB3 oncogenic unit and inhibits heregu 
lin-induced activation of ErbB3. Mol Cancer Ther 2012: 
11:582-93), although the efficacy of MM-111 was not 
directly compared with that of the anti-HER3 antibody, Ab6 
(also called MM-121). Further, and by contrast with this 
earlier report, we observe lower levels of heregulin-induced 
proliferation and, for most conditions or cell lines, no signifi 
cant anti-proliferative effects of monotherapy with lapatinib 
or trastuzumab in the presence of heregulin. These apparent 
discrepancies may be due to differences in assay conditions, 
Such as the addition of heregulin following antibody treat 
ment rather than simultaneous addition. An important differ 
ence between the activity of TAb6 and MM-111 is that, in the 
absence of heregulin and lapatinib, MM-111 does not induce 
proliferation. The design of TAb6 and MM-111 differs in 
several respects: first, the scFvs specific for HER2 and HER3 
in MM-111 are distinct from those in TAb6. Although both 
the anti-HER3 scFv (H3) and Ab6 compete with heregulin for 
binding to HER3, this does not exclude the possibility that the 
two antibodies recognize distinct epitopes. The HER2-spe 
cific scFv, B1D2, binds to an epitope that does not overlap 
with trastuzumab. Second, TAb6 has two anti-HER2 and two 
anti-HER3 Fabs/Fvs per molecule, whereas MM-111 has one 
ScFv of each specificity. Tetravalency is expected to enhance 
the avidity of the interaction with HER2/HER3. Third, TAb6 
has an antibody Fc region whereas the schvs in MM-111 are 
linked to albumin, resulting in variations in the span dis 
tance of the Fv components of the two constructs. One or 
more of these factors could contribute to the different activi 
ties of MM-111 compared with TAb6. Significantly, the pres 
ence of an Fc region in TAb6 confers effector function activi 
ties such as ADCC. The surface retention of targeting 
antibodies such as TAb6 is expected to enhance ADCC and 
other cell-mediated cytotoxicity pathways, which in turn 
could enhance anti-tumor activity. 
0.124 Collectively, the inventors have compared the 
effects of targeting HER2, HER3 or both receptors with sev 
eral different antibody formats on the proliferation and sig 
naling of breast cancer cell lines. These studies demonstrate 
that in the presence of the TKI inhibitor, lapatinib, a bispecific 
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anti-HER2/HER3 antibody has higher activity than indi 
vidual (multivalent) antibodies specific for HER2 and HER3 
in inhibiting heregulin-induced signaling through the PI3K/ 
Akt pathway and cell proliferation. These observations Sug 
gest that the use of Such bispecifics in combination therapy 
with lapatinib to sequester HER3 into inactive heterodimers 
may provide an effective pathway for the treatment of cancer. 
0.125. The above specification and examples provide a 
complete description of the structure and use of exemplary 
embodiments. Although certain embodiments have been 
described above with a certain degree of particularity, or with 
reference to one or more individual embodiments, those 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 11 

SEO ID NO 1 
LENGTH: 717 
TYPE PRT 

ORGANISM: Artificial Sequence 
FEATURE; 
OTHER INFORMATION: Synthetic polypeptide 

<4 OOs SEQUENCE: 1 

Ile Ile Phe Leu Wall Ala Thr Met Gly Trp Ser Lell 
1. 5 

Wall Glin 
2O 

Glin Glin Glu 
25 

His Ser Luell Ser G Gly Gly 

Ser Ala Ser 
4 O 

Pro Gly Gly Ser Leu Luell 
35 

Arg Gly 
45 

Thir Ile Wall Glin Pro 
60 

Asp His 
SO 

Trp 
55 

Arg Gly 

Glu 
65 

Wall Ala Ile 
70 

Trp Arg Pro Thir Asn. G Thir 

Wall Phe Thir Ile Ser Thir 
90 

Asp Ser Gly 
85 

Arg Asp 

Ala Gln Met Lell Glu 
105 

Luell ASn Ser Arg Asp 

Phe Ala 
125 

Cys Ser 
115 

Arg Trp Gly Gly 
12O 

yr Asp Gly Tyr 

Glin Thir Wall 
135 

Thir Wall Ala 
14 O 

Gly 
13 O 

Gly Luell Ser Ser Ser rp 

Wall Phe Lieu Ala Pro Ser Ser Ser Thr 
15 O 

Pro Ser Pro 
45 

Lys 
155 

Ala Ala Lieu. Gly Lieu. Wall Phe Pro 
1.65 

Cys Asp 
17 O 

Wall Ala Lieu. Thir Ser Wall 
185 

Ser Trp Asn Ser 
18O 

Gly Gly 

Ala Wall 
195 

Glin Ser Pro Luell Ser Ser Gly Lieu. Ser Luell 
2 OO 

Tyr 

Thir Wall 
210 

Luell Thir GLn. Thir Ile 
215 

Pro Ser Ser Ser Gly Tyr 
22 O 

Asn. Thir Wall Wall 
23 O 

Asn His Pro Ser 
225 

Asp Llys 
235 

Thir 
245 

Thir Pro Pro Ala 
25 O 

Ser Asp His Pro 

skilled in the art could make numerous alterations to the 
disclosed embodiments without departing from the scope of 
this invention. As such, the illustrative embodiments of the 
present invention are not intended to be limited to the particu 
lar embodiments disclosed. Rather, they include all modifi 
cations and alternatives falling within the scope of the disclo 
Sure. Further, where appropriate, aspects of any of the 
examples described above may be combined with aspects of 
any of the other examples described to form further examples 
having comparable or different properties and addressing the 
same or different problems. Similarly, it will be understood 
that the benefits and advantages described above may relate to 
one embodiment or may relate to several embodiments. 

Ala Thr 
15 

Gly 

Lieu Val Glin 
3 O 

Phe ASn Ile 

Lell Gly 

Ala 
8O 

Tyr 

Ser Lys Asn 
95 

Thir 
110 

Ala Wall 

Met Asp 

Thir Gly 

Ser Gly Gly 
16 O 

Glu Pro Wall 
17s 

His Thir Phe 
190 

Wall Ser Wall 

Asn. Wall 

Glu Pro Llys 
24 O 

Glu 
255 

Pro Lell 
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- Continued 

Lieu. Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Llys Pro Lys Asp Thr 
26 O 265 27 O 

Lieu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val 
27s 28O 285 

Ser His Glu Asp Pro Glu Val Llys Phe Asn Trp Tyr Val Asp Gly Val 
29 O 295 3 OO 

Glu Val His Asn Ala Lys Thr Llys Pro Arg Glu Glu Glin Tyr Asn. Ser 
3. OS 310 315 32O 

Thr Tyr Arg Val Val Ser Val Lieu. Thr Val Lieu. His Glin Asp Trp Leu 
3.25 330 335 

Asn Gly Lys Glu Tyr Lys Cys Llys Val Ser Asn Lys Ala Lieu Pro Ala 
34 O 345 35. O 

Pro Ile Glu Lys Thir Ile Ser Lys Ala Lys Gly Glin Pro Arg Glu Pro 
355 360 365 

Glin Val Tyr Thr Lieu Pro Pro Ser Arg Asp Glu Lieu. Thir Lys Asn Glin 
37 O 375 38O 

Val Ser Lieu. Thr Cys Lieu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala 
385 390 395 4 OO 

Val Glu Trp Glu Ser Asn Gly Glin Pro Glu Asn Asn Tyr Lys Thr Thr 
4 OS 41O 415 

Pro Pro Val Lieu. Asp Ser Asp Gly Ser Phe Phe Lieu. Tyr Ser Lys Lieu. 
42O 425 43 O 

Thr Val Asp Llys Ser Arg Trp Glin Glin Gly Asn Val Phe Ser Cys Ser 
435 44 O 445 

Val Met His Glu Ala Lieu. His Asn His Tyr Thr Gln Lys Ser Leu Ser 
450 45.5 460 

Lieu. Ser Pro Gly Lys Gly Ser Ser Glin Val Glin Lieu. Lieu. Glu Ser Gly 
465 470 47s 48O 

Gly Gly Lieu Val Glin Pro Gly Gly Ser Lieu. Arg Lieu. Ser Cys Ala Ala 
485 490 495 

Ser Gly Phe Thr Phe Ser His Tyr Val Met Ala Trp Val Arg Glin Ala 
SOO 505 51O 

Pro Gly Lys Gly Lieu. Glu Trp Val Ser Ser Ile Ser Ser Ser Gly Gly 
515 52O 525 

Trp. Thir Lieu. Tyr Ala Asp Ser Wall Lys Gly Arg Phe Thir Ile Ser Arg 
53 O 535 54 O 

Asp Asn. Ser Lys Asn. Thir Lieu. Tyr Lieu Gln Met Asn. Ser Lieu. Arg Ala 
5.45 550 555 560 

Glu Asp Thr Ala Val Tyr Tyr Cys Thr Arg Gly Lieu Lys Met Ala Thr 
565 st O sts 

Ile Phe Asp Tyr Trp Gly Glin Gly Thr Lieu Val Thr Val Ser Ser Gly 
58O 585 59 O 

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile 
595 6OO 605 

Gln Lieu. Thr Glin Pro Ala Ser Val Ser Gly Ser Pro Gly Glin Ser Ile 
610 615 62O 

Thir Ile Ser Cys Thr Gly. Thir Ser Ser Asp Val Gly Ser Tyr Asn Val 
625 630 635 64 O 

Val Ser Trp Tyr Glin Gln His Pro Gly Lys Ala Pro Llys Lieu. Ile Ile 
645 650 655 
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Tyr Glu Val Ser Glin Arg Pro Ser Gly Val Ser Asn Arg Phe Ser Gly 
660 665 67 O 

Ser Lys Ser Gly Asn Thr Ala Ser Lieu. Thir Ile Ser Gly Leu Gln Thr 
675 68O 685 

Glu Asp Glu Ala Asp Tyr Tyr Cys Cys Ser Tyr Ala Gly Ser Ser Ile 
69 O. 695 7 OO 

Phe Val Ile Phe Gly Gly Gly Thr Llys Val Thr Val Lieu 
7 Os 71O 71s 

<210s, SEQ ID NO 2 
&211s LENGTH: 233 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polypeptide 

<4 OOs, SEQUENCE: 2 

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly 
1. 5 1O 15 

Val His Ser Asp Ile Glu Lieu. Thr Glin Ser Pro Ser Ser Leu Ser Ala 
2O 25 3O 

Ser Val Gly Asp Arg Val Thir Ile Thr Cys Arg Ala Ser Glin Asp Wall 
35 4 O 45 

Asn. Thir Ala Val Ala Trp Tyr Glin Glin Llys Pro Gly Lys Ala Pro Llys 
SO 55 6 O 

Lieu. Lieu. Ile Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg 
65 70 7s 8O 

Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Lieu. Thir Ile Ser Ser 
85 90 95 

Lieu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Glin Gln His Tyr Thr 
1OO 105 11 O 

Thr Pro Pro Thr Phe Gly Glin Gly Thr Lys Lieu. Glu Ile Lys Arg Thr 
115 12 O 125 

Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Glin Leu 
13 O 135 14 O 

Lys Ser Gly Thr Ala Ser Val Val Cys Lieu. Lieu. Asn Asn Phe Tyr Pro 
145 150 155 160 

Arg Glu Ala Lys Val Glin Trp Llys Val Asp Asn Ala Lieu. Glin Ser Gly 
1.65 17O 17s 

Asn Ser Glin Glu Ser Val Thr Glu Glin Asp Ser Lys Asp Ser Thr Tyr 
18O 185 19 O 

Ser Lieu. Ser Ser Thr Lieu. Thir Lieu. Ser Lys Ala Asp Tyr Glu Lys His 
195 2OO 2O5 

Llys Val Tyr Ala Cys Glu Val Thr His Glin Gly Lieu Ser Ser Pro Val 
21 O 215 22O 

Thir Lys Ser Phe Asn Arg Gly Glu. Cys 
225 23 O 

<210s, SEQ ID NO 3 
&211s LENGTH: 716 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polypeptide 

<4 OOs, SEQUENCE: 3 
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Met 

Wall 

Pro 

Ser 

Glu 
65 

Asp 

Thir 

Gly 

Ser 
145 

Ala 

Wall 

Ala 

Wall 

His 
225 

Gly 

Met 

His 

Wall 
3. OS 

Gly 

Ile 

Wall 

Ser 

385 

Gly 

His 

Gly 

His 
SO 

Trp 

Ser 

Luell 

Glin 
13 O 

Wall 

Ala 

Ser 

Wall 

Pro 
21 O 

Asp 

Gly 

Ile 

Glu 
29 O 

His 

Arg 

Glu 

Tyr 
37 O 

Luell 

Trp 

Ser 

Gly 
35 

Wall 

Wall 

Cys 
115 

Gly 

Phe 

Luell 

Trp 

Luell 
195 

Ser 

Pro 

Pro 

Ser 
27s 

Asp 

Asn 

Wall 

Glu 

Lys 
355 

Thir 

Thir 

Ser 

Glin 

Ser 

Wall 

Ser 

Luell 

Thir 

Thir 

Pro 

Gly 

Asn 
18O 

Glin 

Ser 

Ser 

Thir 

Ser 
26 O 

Arg 

Pro 

Ala 

Wall 

Tyr 
34 O 

Thir 

Luell 

Lell 

Met 

Ser 

Gly 
85 

Glin 

Lell 

Lell 

Cys 
1.65 

Ser 

Ser 

Ser 

Asn 

His 
245 

Wall 

Thir 

Glu 

Ser 

3.25 

Lys 

Ile 

Pro 

Lell 

Ile 

Glin 

Arg 

Ala 

Ile 
70 

Arg 

Met 

Gly 

Wall 

Ala 
150 

Lell 

Gly 

Ser 

Lell 

Thir 
23 O 

Thir 

Phe 

Pro 

Wall 

Thir 
310 

Wall 

Ser 

Pro 

Wall 
390 

Ile 

Lell 

Lell 

Trp 
55 

Ser 

Phe 

Asn 

Lell 

Thir 
135 

Pro 

Wall 

Ala 

Gly 

Gly 
215 

Lell 

Glu 

Lys 
295 

Lell 

Ser 

375 

Luell 

Glin 

Ser 
4 O 

Wall 

Ser 

Thir 

Ser 

Lys 
12 O 

Wall 

Ser 

Luell 

Luell 

Thir 

Wall 

Pro 

Phe 

Wall 

Phe 

Pro 

Thir 

Wall 

Ala 
360 

Arg 

Gly 

Phe 

Glu 
25 

Arg 

Ser 

Ile 

Luell 
105 

Met 

Ser 

Ser 

Asp 

Thir 
185 

Glin 

Asp 

Pro 

Pro 
265 

Thir 

Asn 

Arg 

Wall 

Ser 

345 

Asp 

Phe 

Luell 

Ser 

Ala 

Glin 

Gly 

Ser 
90 

Arg 

Ala 

Ser 

Tyr 
17O 

Ser 

Ser 

Thir 

Cys 
250 

Pro 

Trp 

Glu 

Luell 

330 

Asn 

Gly 

Glu 

Tyr 

Wall 

Gly 

Ala 

Ala 

Gly 

Arg 

Ala 

Thir 

Ala 

Ser 
155 

Phe 

Gly 

Luell 

Lys 
235 

Pro 

Wall 

Glu 
315 

His 

Lys 

Glin 

Luell 

Pro 

395 

17 

- Continued 

Ala 

Gly 

Ser 

Pro 
6 O 

Trp 

Asp 

Glu 

Ile 

Ser 
14 O 

Thir 

Pro 

Wall 

Ser 

Ile 

Wall 

Ala 

Pro 

Wall 

Wall 
3 OO 

Glin 

Glin 

Ala 

Pro 

Thir 

Ser 

Thir 

Gly 

Gly 
45 

Gly 

Thir 

Asn 

Asp 

Phe 
125 

Thir 

Ser 

Glu 

His 

Ser 

Glu 

Pro 

Wall 
285 

Asp 

Tyr 

Asp 

Lell 

Arg 
365 

Asp 

Ala 

Luell 
3O 

Phe 

Luell 

Ser 

Thir 
11 O 

Asp 

Gly 

Pro 

Thir 
19 O 

Wall 

Asn 

Pro 

Glu 

Asp 
27 O 

Asp 

Gly 

Asn 

Trp 

Pro 

35. O 

Glu 

Asn 

Ile 

Thir 
15 

Wall 

Thir 

Gly 

Tyr 

Lys 
95 

Ala 

Gly 

Gly 

Wall 
17s 

Phe 

Wall 

Wall 

Luell 
255 

Thir 

Wall 

Wall 

Ser 

Luell 

335 

Ala 

Pro 

Glin 

Ala 

Gly 

Glin 

Phe 

Luell 

Ala 

Asn 

Wall 

Trp 

Pro 

Thir 
160 

Thir 

Pro 

Thir 

Asn 

Ser 
24 O 

Luell 

Luell 

Ser 

Glu 

Thir 

Asn 

Pro 

Glin 

Wall 

Wall 
4 OO 
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- Continued 

Glu Trp Glu Ser Asn Gly Glin Pro Glu Asn Asn Tyr Lys Thr Thr Pro 
4 OS 41O 415 

Pro Val Lieu. Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Lieu. Thr 
42O 425 43 O 

Val Asp Llys Ser Arg Trp Glin Glin Gly Asn Val Phe Ser Cys Ser Val 
435 44 O 445 

Met His Glu Ala Lieu. His Asn His Tyr Thr Gln Lys Ser Leu Ser Lieu. 
450 45.5 460 

Ser Pro Gly Lys Gly Ser Ser Glin Val Glin Lieu. Lieu. Glu Ser Gly Gly 
465 470 47s 48O 

Gly Lieu Val Glin Pro Gly Gly Ser Lieu. Arg Lieu. Ser Cys Ala Ala Ser 
485 490 495 

Gly Phe Thr Phe Ser His Tyr Val Met Ala Trp Val Arg Glin Ala Pro 
SOO 505 51O 

Gly Lys Gly Lieu. Glu Trp Val Ser Ser Ile Ser Ser Ser Gly Gly Trp 
515 52O 525 

Thir Lieu. Tyr Ala Asp Ser Wall Lys Gly Arg Phe Thir Ile Ser Arg Asp 
53 O 535 54 O 

Asn Ser Lys Asn. Thir Lieu. Tyr Lieu Gln Met Asn. Ser Lieu. Arg Ala Glu 
5.45 550 555 560 

Asp Thr Ala Val Tyr Tyr Cys Thr Arg Gly Lieu Lys Met Ala Thr Ile 
565 st O sts 

Phe Asp Tyr Trp Gly Glin Gly Thr Lieu Val Thr Val Ser Ser Gly Gly 
58O 585 59 O 

Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile Glin 
595 6OO 605 

Lieu. Thr Glin Pro Ala Ser Val Ser Gly Ser Pro Gly Glin Ser Ile Thr 
610 615 62O 

Ile Ser Cys Thr Gly. Thir Ser Ser Asp Val Gly Ser Tyr Asn Val Val 
625 630 635 64 O 

Ser Trp Tyr Glin Gln His Pro Gly Lys Ala Pro Llys Lieu. Ile Ile Tyr 
645 650 655 

Glu Val Ser Glin Arg Pro Ser Gly Val Ser Asn Arg Phe Ser Gly Ser 
660 665 67 O 

Lys Ser Gly Asn Thr Ala Ser Lieu. Thir Ile Ser Gly Lieu. Glin Thr Glu 
675 68O 685 

Asp Glu Ala Asp Tyr Tyr Cys Cys Ser Tyr Ala Gly Ser Ser Ile Phe 
69 O. 695 7 OO 

Val Ile Phe Gly Gly Gly Thr Llys Val Thr Val Lieu. 
7 Os 71O 71s 

<210s, SEQ ID NO 4 
&211s LENGTH: 237 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polypeptide 

<4 OOs, SEQUENCE: 4 

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly 
1. 5 1O 15 

Val His Ser Asp Ile Glu Lieu. Thr Glin Pro Ala Ser Val Ser Gly Ser 
2O 25 3O 
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- Continued 

Pro Gly Glin Ser Ile Thir Ile Ser Cys Thr Gly Thr Ser Ser Asp Val 
35 4 O 45 

Gly Ser Tyr Asn Val Val Ser Trp Tyr Glin Gln His Pro Gly Lys Ala 
SO 55 6 O 

Pro Llys Lieu. Ile Ile Tyr Glu Val Ser Glin Arg Pro Ser Gly Val Ser 
65 70 7s 8O 

Asn Arg Phe Ser Gly Ser Lys Ser Gly Asn Thr Ala Ser Lieu. Thir Ile 
85 90 95 

Ser Gly Lieu Gln Thr Glu Asp Glu Ala Asp Tyr Tyr Cys Cys Ser Tyr 
1OO 105 11 O 

Ala Gly Ser Ser Ile Phe Val Ile Phe Gly Gly Gly Thr Lys Lieu. Glu 
115 12 O 125 

Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser 
13 O 135 14 O 

Asp Glu Gln Lieu Lys Ser Gly Thr Ala Ser Val Val Cys Lieu. Lieu. Asn 
145 150 155 160 

Asn Phe Tyr Pro Arg Glu Ala Lys Val Glin Trp Llys Val Asp Asn Ala 
1.65 17O 17s 

Lieu. Glin Ser Gly Asn. Ser Glin Glu Ser Val Thr Glu Glin Asp Ser Lys 
18O 185 19 O 

Asp Ser Thr Tyr Ser Lieu. Ser Ser Thr Lieu. Thir Lieu. Ser Lys Ala Asp 
195 2OO 2O5 

Tyr Glu Lys His Llys Val Tyr Ala Cys Glu Val Thr His Glin Gly Lieu 
21 O 215 22O 

Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu. Cys 
225 23 O 235 

<210s, SEQ ID NO 5 
&211s LENGTH: 21.51 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 5 

atgggatgga gctgtat cat cct cttcttg gtagcaa.cag ctacaggtgt C cact Cocag 6 O 

gttcagctgc aggagt ctgg C9gtggcctg gtgcagc.cag ggggct cact C cqtttgtcC 12 O 

tgtgcagctt Ctggcttcaa Cattaaagac acctatatac actgggtgcg tcaggcc.ccg 18O 

ggta agggcc tigaatgggit to aaggatt tat Cotacga atggittatac tagatatgcc 24 O 

gatagogt ca aggg.ccgttt cactataagc gcagacacat coaaaaacac agcctaccta 3OO 

Cagatgaaca gcctgcgtgc tigaggacact gcc.gtctatt attgttctag atggggaggg 360 

gacggCttct atgctatgga Ctactggggit Caaggaacco tigtcaccgt. Ctcct cqgCC 42O 

tccaccalagg gcc catcggt Ctt coccctg gCaccct cot C caagagcac Ctctgggggc 48O 

acagcggc cc tiggctgcct ggt caaggac tactitcc.ccg aaccggtgac ggtgtcgtgg 54 O 

aact caggcg C cctgaccag C9gcgtgcac acct tcc.cgg Ctgtc.ctaca gtc.ct Cagga 6OO 

Ctct actic cc ticagoagcgt ggtgaccgtg C cct C cagda gCttgggcac ccagacctac 660 

atctgcaacg taatcacaa gCC cagdaac accalaggtgg acaagaaagt tagcc.caaa 72 O 

tcttgttgaca aaacticacac atgcc caccg to cc agcac ctgaact cot ggggggaccg 78O 

t cagtic titcc tict tcc cc cc aaaac ccaag gacac cct ca tdatc toccg gacccct gag 84 O 
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- Continued 

22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polypeptide 

<4 OOs, SEQUENCE: 11 

Gly Gly Gly Ser 
1. 

1. An isolated monoclonal, bispecific antibody compris 
ing: (a) an anti-HER2 antibody comprising two heavy chains 
and two light chains and at least one anti-HERS single chain 
antibody variable fragment (FV) comprising a heavy chain 
variable domain and a light chain variable domain linked to 
any one of the two heavy chains or two light chains of the 
anti-HER2 antibody, or (b) an anti-HER3 antibody compris 
ing two heavy chains and two light chains and at least one 
anti-HER2 single chain antibody variable fragment (Fv) 
comprising a heavy chain variable domain and a light chain 
variable domain linked to any one of the two heavy chains or 
two light chains of the anti-HER3 antibody. 

2. The isolated monoclonal antibody of claim 1, wherein 
the light chain variable domain of the anti-HER3 single chain 
Fv comprises 607-717 of SEQ ID NO: 1 or conservative 
amino acid substitutions thereof and the heavy chain variable 
domain of the anti-HER3 single chain Fv comprises 473-591 
of SEQ ID NO: 1 or conservative amino acid substitutions 
thereof. 

3. The isolated monoclonal antibody of claim 1, wherein 
the isolated monoclonal bispecific antibody drives formation 
of HER2-HER3 dimers during use. 

4. The isolated monoclonal antibody of any one of claims 
1-3, wherein the light chain variable domain of the anti-HER2 
antibody comprises an amino acid sequence 20-127 of SEQ 
IDNO: 2 or conservative amino acid substitutions thereofand 
the heavy chain variable domain of the anti-HER2 antibody 
comprises an amino acid sequence 20-139 of SEQID NO: 1 
or conservative amino acid Substitutions thereof. 

5. The isolated monoclonal antibody of any one of claims 
1-4, wherein the isolated monoclonal bispecific antibody 
comprises a Morrison-format. 

6. The isolated monoclonal antibody of any one of claims 
1-5, wherein the isolated monoclonal polyspecificantibody is 
bispecific. 

7. The isolated monoclonal antibody of any one of claims 
1-6, wherein the heavy chain of the anti-HER2 antibody is 
linked to a N' terminus end of the single chain Fv. 

8. The isolated monoclonal antibody of claim 7, wherein 
the single chain variable fragment links to the heavy chain of 
the anti-HER2 antibody at a CH3 domain. 

9. The isolated monoclonal antibody of claim 8 wherein the 
single chain Fv is linked to the CH3 domain by a linker 
comprising a Gly-Ser-Ser sequence. 

10. The isolated monoclonal antibody of any one of claims 
1-9, wherein the single chain Fv comprises a (Gly Ser), 
linker peptide between the heavy chain variable domain and 
the light chain variable domain of the anti-HER3 single chain 
variable fragment. 

11. The isolated monoclonal antibody of any one of claims 
1-10, wherein when administered to cancer cells that are 
SK-BR-3 cells, BT-474 cells, or HCC1419 cells or other 
breast cancer cells, the proliferation is reduced by at least 
25% relative to a control. 

12. The antibody of any one of claims 1-11, wherein the 
antibody is a human antibody, a humanized antibody, or a 
chimeric antibody. 

13. The antibody of any one of claims 1-11, wherein the 
anti-HER2 antibody is of an isotype is selected from the 
group consisting of an IgG1, an IgG2, an IgG3, an IgG4, an 
IgM, an IgA1, an IgA2, a secretory IgA, an Ig|D, and an IgE. 

14. A composition comprising the antibody or antigen 
binding portion thereof of any one of claims 1-13 in a phar 
maceutically acceptable carrier. 

15. A method of treating a cancer in a Subject, comprising 
administering to the subject a therapeutically effective 
amount of the composition of claim 14. 

16. The method of claim 15, wherein the subject is human 
and the cancerous cells express HER3. 

17. The method of claim 16, wherein the subject is human 
and the cancerous cells express HER2 and HER3. 

18. A method of treating a cancer in a subject comprising 
administering to the subject a therapeutically effective 
amount of a first agent comprising the monoclonal antibody 
of any one of claims 1-14, in combination with a therapeuti 
cally effective amount of a second agent, which is an anti 
cancer agent other than the first agent. 

19. The method of claim 18, wherein the second agent 
comprises tyrosine kinase inhibitor. 

20. The method of claim 19, wherein the tyrosine kinase 
inhibitor is lapatinib or erlotinib. 

21. The method of claim 18, wherein the second agent is a 
selected from: a small molecule targeting IGF1R, a small 
molecule targeting EGFR, a small molecule targeting ErbB2, 
a small molecule targeting cMET, an antimetabolite, an alky 
lating agent, a topoisomerase inhibitor, a microtubule target 
ing agent, a kinase inhibitor, a hormonal therapy, a glucocor 
ticoid, an aromatase inhibitor, an mTOR inhibitor, a 
chemotherapeutic agent, a protein kinase B inhibitor, a phos 
phatidylinositol 3-kinase inhibitor, a cyclindependent kinase 
inhibitor, and an MEK inhibitor. 

22. A monospecific tetravalent HER3 antigen binding anti 
body comprising: (a) an anti-HER3 antibody comprising two 
heavy chains and two light chains and two anti-HER3 single 
chain FVS comprising a heavy chain variable domain and a 
light chain variable domain linked to any of the two heavy 
chains or two light chains of the anti-HER3 antibody, or (b) 
four single chain Fv monomers. 

23. The monospecific tetravalent HER3 antigen binding 
antibody of claim 22, wherein an anti-HER3 single chain Fv 
is linked to each heavy chain of the anti-HER3 antibody. 

24. The monospecific tetravalent HER3 antigen binding 
antibody of claim 22, wherein the light chain variable domain 
of the anti-HER3 single chain Fv comprises 606-715 of SEQ 
ID NO:3 or conservative amino acid substitutions thereofand 
the heavy chain variable domain of the anti-HER3 single 
chain Fv comprises 472-590 of SEQIDNO:3 or conservative 
amino acid Substitutions thereof. 
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25. The monospecific tetravalent HER3 antigen binding 
antibody of any of claims 22-24, wherein the light chain 
variable domain of the anti-HER3 antibody comprises an 
amino acid sequence 20-131 of SEQID NO. 4 or conservative 
amino acid substitutions thereof and the heavy chain variable 
domain of the anti-HER3 antibody comprises an amino acid 
sequence 20-138 of SEQID NO:3 or conservative amino acid 
substitutions thereof. 

26. The monospecific tetravalent HER3 antigen binding 
antibody of wherein the single chain Fv comprises a 
(Gly-Ser), linker peptide between the heavy chain variable 
domain and the light heavy chain variable domain of the 
anti-HER3 single chain variable fragment. 

27. The monospecific tetravalent HER3 antigen binding 
antibody of claim 22, wherein when administered to cancer 
cells that are SK-BR-3 cells, BT-474 cells, or HCC1419 cells 
or other breast cancer cells, the proliferation is reduced by at 
least 25% relative to a control. 

28. The monospecific tetravalent HER3 antigen binding 
antibody of claim 22, wherein the antibody is a human anti 
body, a humanized antibody, or a chimeric antibody. 

29. The monospecific tetravalent HER3 antigen binding 
antibody of claim 22, wherein the anti-HER2 antibody is of 
an isotype is selected from the group consisting of an IgG1, an 
IgG2, an IgG3, an IgG4, an IgM, an IgA1, an IgA2, a secre 
tory IgA, an Ig), and an IgE. 

30. A composition comprising the monospecific tetravalent 
HER3 antigen binding antibody of claim 22 in a pharmaceu 
tically acceptable carrier. 

24 
Aug. 11, 2016 

31. A method of treating a cancer in a Subject, comprising 
administering to the subject a therapeutically effective 
amount of the composition of claim 30. 

32. The method of claim 31, wherein the subject is human 
and the cancerous cells express HER3. 

33. The method of claim 31, wherein the subject is human 
and the cancerous cells express HER2 and HER3. 

34. A method of treating a cancer in a subject comprising 
administering to the subject a therapeutically effective 
amount of a first agent which comprises the monospecific 
tetravalent HERS antigen binding antibody of any of claims 
22-29, in combination with a therapeutically effective 
amount of a secondagent, which is an anti-cancer agent other 
than the first agent. 

35. The method of claim 34, wherein the second agent 
comprises tyrosine kinase inhibitor. 

36. The method of claim 35, wherein the tyrosine kinase 
inhibitor is lapatinib or erlotinib. 

37. The method of claim 34, wherein the second agent is a 
selected from: a small molecule targeting IGF1R, a small 
molecule targeting EGFR, a small molecule targeting ErbB2, 
a small molecule targeting cMET, an antimetabolite, an alky 
lating agent, a topoisomerase inhibitor, a microtubule target 
ing agent, a kinase inhibitor, a hormonal therapy, a glucocor 
ticoid, an aromatase inhibitor, an mTOR inhibitor, a 
chemotherapeutic agent, a protein kinase B inhibitor, a phos 
phatidylinositol 3-kinase inhibitor, a cyclindependent kinase 
inhibitor, and an MEK inhibitor. 


